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Presidential Address 


(Delivered on Jan, 2t 1941) 

Congress President : — Sm Abdeshir Dalal, Kt., l.C.S. (Retd.). 
SCIENCE AND INDUSTRY. 

I feel that the authorities of the Indian Science Congress 
Association have made a very bold departure in electing a 
la3rmaii to the honour of the Presidentship for the year and, 
deeply conscious as I am of the honour, I confess to a feeling 
of ^fddence in occupying a post which has been adorned by 
so many distinguished scientists before mo. If my address 
falls short of the standard set by my predecessors, the respon- 
sibility of it should in part be borne by those who have elected 
me. The only reason for their choice, as far as I can see, lies 
in the fact that I may lay some claims to be an industrialist. 
So close and intimate is the relationship between science and 
industry and so strongly is that fact being brought home to us 
in those days that the Association felt perhaps that they would 
like to have the views of an industrialist on the relationship 
of science to industry with particular reference to the practical 
problems which have arisen in India since the beginning of the 
war. A substantial part of the export trade of India has been 
lost since the war. Science can help in the utili- 
Value of zation within the country itself of some of the 

Research in raw materials which used to be exported. Rc- 
Industry. searches are being conducted for instance on the 
use in India for lubrication pmposes of some of 
the oil seeds of which the export has dwindled down and the 
surplus of which is likely to create serious economic trouble 
for the cultivator. Even a more acute problem is the stoppige 
of the import of many commodities essential for the economic 
life of the country, such as machinery, chemicals, etc. It is 
imperative that India should make herself self-sufficient with 
regard to such materials as are vital to the maintenance of her 
economic and industrial life so that the situation which had 
arisen during the last war and which has arisen once again may 
never recur. It is here that science can be of the greatest assist- 
ance to industry. Research has been described as the mother 
of industry and while some of the older and more traditional 
industries may have originated without the aid of science, it 

( 3 ) 



4 Proc. 28th I.S.C. : Part II : Prmd&nUal Addressee. (2) 

oaimot be denied that all industries to^y depend upon soienoe 
and research not only for their progr)»^|e|^ impioyement but 
also for their sui^val. Sad experience nai^roved to us beyond 
all doubt that, under modern conditions, no xiation, however 
peacefully inclined, can expect even to live an in^pendent 
existence unless it is highly industrialized. It is the industrial 
potential that is convertible into the war potential and the 
country that has the highest industrial potential and is prepared 
to convert it in the shortest time into war potential that stands 
the best chance in modem warfare. As we have seen, it is not 
man power that counts in the highly mechanized warfare of the 
present day, but planes, tanks, guns, ships and the factories, 
plants Mid workshops behind them. The lesson for India is 
plain and she can only neglect it at her peril. It is no longer 
the question of a balanced economy or of mere material 
progress. It is necessary for India's very existence that she 
should be highly industrialized. 

This lesson was first taught during the last world war. 
Owing to its superior scientific organization and equipment 
Germany was able to withstand the Allies much longer than she 
could otherwise have done. At the beginning of that war, 
England found that she was deficient in many forms of optical 
glasses, dyestuffs, chemicals and other necessities for the conduct 
of modern warfare. She set herself to remedy these drawbaclcs. 
A very important dye industry was created and the whole of 
the scientific and research talent of the country was organized 
by the creation of the Department of Scientific and Industrial 
Research. It is not necessary for me to enter into the details 
of the organization and working of the D.S.I.R. with which 
many of you must be familiar. An interesting feature of the 
organization, however, to which the attention of the authorities 
in India needs to be drawn is that the administrative organization 
of the D.S.I.R. is entirely composed of technical men, while 
the Advisory Council, which guides and controls its activities, 
is mainly composed of distinguished scientists with the addition 
of two or three well-known industrialists and business men. 
The words of Lord Rutherford to the Twenty-fifth Indian 
Science Congress, though frequently quoted since then, will 
bear repetition as they have an important bearing on the policy 
of the Government of India towards the recently created Board 
of Scientific and Industrial Research. He said: 

'In Great Britain, the responsibility for planning the programmes 
of research, even when the cost is borne directly by the Government, 
rests with research councils or committees who are not themselves State 
servants but distinguished representatives of pure soienoe and industry. 
It is to be hoped that if any comparable organization is developed in India, 
there will be a proper representation of soientidc men from the univer- 
sities and corresponding institutions emd also of the industries directly 
concerned. It is of the highest importance that the detailed planning 
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of research should be left entirely in the hands of those who have the 
requisite specialized knowledge of the problems which require attack. 
In the British organizations there is no political atmosphere, but of 
course the responsibility for allocating the necessary funds ultimately 
rests with the Government.* 

There has been a tendency in the past in India for scientific 
and research work to be monopolized by Government Depart- 
ments and although valuable results have been obtained, e.g., 
by the Survey of India, the Geological Survey, the Botanical 
Survey and in the investigation of tropical diseases, it is very 
necessary that organized industrial research should as far as 
possible be left to scientists and industrialists although of 
course Government has to see that the grants it makes are 
properly utilized. 

Industrial research was organized on a country-wide basis 
in America as well as in several countries of the British Empire 
following the lessons of the last war. In India also 
Board of the war revealed the helplessness of the country. 

The transport service was disorganized owing to 
trial Re- * railway material ; supplies of dyes, important 

search. chemicals and many important medicines were 
almost completely stopped and prices of textiles 
shot up so high as to be beyond the means of poor people. 
In 1915 the Government of India addressed the Secretary of 
State as follows : — 

‘After the war India will consider herself entitled to demand the 
utmost help which the Government can atford to enable her to take a 
place, 80 far as circumstances permit, as a mcmufacturing country.* 

This policy was accepted by the Secretary of State and the 
Indian Industrial Commission, under the Chairmanship of Sir 
Thomas Holland, was set up as a result. Unfortunately, 
however, the impetus to industrialization provided by the war 
died down after a few years and many of the industries which 
were started during the war languished and died. The gathering 
storm clouds of a new world war drew the attention of Indian 
scientists to the imorganized state of scientific and industrial 
research in India and repeated appeals were made for the 
constitution of a body on the model of the D.S.I.R. The urgent 
need for the appointment of such a body was voiced by Professor 
J. C. Ghosh in his presidential address to the Association at 
Lahore in 1939 and was reiterated in a resolution of this body 
last year at Madras. The same point w^as made by Colonel 
Chopra in his presidential address to the National Institute of 
Sciences in Madras last year and by Sir M. Visvesvaraya in an 
address to the Indian Institute of Science, Bangalore. We, 
therefore, cordially welcome the recent appointment of the 
Board of Scientific and Industrial Research by the Government 
of India in response to the demand of scientists throughout the 
country. Our thanks are due to the present Commerce Member, 
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Sir Ramaswami Mudaliar, who lost very little time in appre- 
ciating the urgency of the constitution of such a body under the 
conditions created by the war. 

I am a member of the Board and keenly interested in its 
success. Any observations which I may make upon it are made 
in a purely constructive spirit with the object of enhancing its 
utility to the country. In the first place then, I may be per- 
mitted to say that although the beginning of the B^rd, like 
most beginnings, may be small, its conception must be large 
and liberal. It must not, in its composition or working, bear 
the appearance of a mere ad hoc body created to meet the im- 
mediate exigencies of the war. The demands of the war are 
no doubt urgent and must have priority over other demands, 
but the Board should function as a body charged with the 
organization and promotion of industrial research throughout 
the country, and co-ordinate the immediate needs of the war 
with the long range policy of the industrial development of the 
country as a whole. While concentrating on what is immediately 
required to meet war needs, it must also be in a position to 
survey the long term industrial requirements of the country 
and to plan a programme of research to meet them. Perhaps 
after the urgent demands of the war are over, its composition 
can be enlarged and made more representative of the Univer- 
sities, Government scientific services, the non-official scientific 
bodies and the industrialists of India so as to enable it to pursue 
its ultimate plan and policy. 

No institution, however well conceived and designed, can 
flourish except in suitable political atmosphere and conditions. 
It was the unfortunate exjjerience of the last war that industries 
created under the stress of the war languished and died in the 
post-war period for want of encouragement and protection from 
Government. The activities of the Board will not lead to the 
creation of new industries unless industrialists are assured of 
reasonable protection from Government in the post-war period, 
when foreign competition will be keen. 

I have already quoted the words of Lord Rutherford as a 
warning against excessive Government control. The progress 
hitherto made by the Board is not as rapid as we would have 
wished in war time. This is partly due to the constitution of 
the Board under which executive authority is concentrated in a 
central department of Government and partly to the inadequate 
staff provided for the very urgent and important work that 
has to be done. There is one other aspect on which I desire 
to touch and that is the financial. Even for a beginning, a 
grant of Rupees five lakhs is inadequate and shows to my mind 
an inadequate conception of the magnitude of the tasks involved. 
Associated with the Department of Scientific and Bidustrial 
Research in Great Britain are the great National Physical 
Laboratory at Teddington and important Boards, such as the 



( 8 ) 


Oongresa Preeident'e Address. 


7 


Fuel Research Board, the Food Investigation Board, the Forest 
Products and Building Research Institutes and a number of 
similar bodies as well as Research Associations. While we must 
necessarily make a very modest beginning, the development of 
the Alipore Test House into a National Physical and CSiemical 
Laboratory seems to be obviously and urgently required. In a 
subsequent part of this addre^ I shall dweU upon the necessities 
of a I^el Research Board to investigate the very pressing prob- 
lems of fuel and power, upon which the whole industrial struc- 
ture of the country has to be based. Ail this work will require 
large funds but I have not the slighest doubt that the money so 
spent will be repaid manifold. It has been estimated that the 
annual expenditure on research in Great Britain in normal times 
before the war was roughly six million pounds, of which one-half 
was spent on research directed to industrial needs, including 
the money spent by Government, University Departments and 
private firms. The figure for the U.S.A. is estimated to be 
300 million dollars, whUe the corresponding figure of the U.S.S.R. 
is reported to be of the nature of 120 billion roubles. With 
the exception of the U.S.A. and the U.S.S.R., there is no 
country in the world with natural resources so vast and varied 
as India. With the expenditure of even a fraction of the amount 
spent by the countries just mentioned on industrial research, 
these resources can be investigated and developed so as to place 
India in the front rank of the industrial countries of the world. 

The Steel Industry in India. 

1 propose now in the second part of my address to speak 
to you on some developments in the steel industry in India during 
the last ten years ; but before doing so T should like to make a 
few remarks on the raw materials which are commonly used in 
the manufacture of iron, namely, iron ore, coal and limestone, 
and particularly coal, which is the most important of our raw 
materials and of the most general interest. 

So far as iron ore is concerned, India is one of the" richest 
<ountrie8 in the world, being endowed by nature with very 
Iron ore extensive deposits of very rich ore . The Singhbhum- 

Orissa field is the most extensive in India. The 
tonnage of this field has been estimated by Mr. H. C. Jones of 
the Geological Survey, at 3,000 millions, and, if anything, it is 
probably an underestimate. Practically the whole of this ore 
is hematite, with an iron content of sixty to sixty-nine per cent. 

While the position regarding iron ore is highly satisfactory, 
that regarding coal, particularly the coal required for the smelting 
Co 1 ^ from satisfactory. Dr. Fox 

* * has estimated the resources of Indian coal over 
four feet in thickness up to 2,(XK) feet in depth and twenty per cent 
in ash at 24,000 million tons, of which coal of good quality up to 
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18% ash is 6>000 million tons, while coking coal suitable 
for metallurgical purposes is only 1,400 million tons. Coking 
coal in India is confin^ to the Gondwana coal beds of the Bamo- 
dar Basin. On the existing methods of working coal the 
total life of the coking coals of India is estimated at about fifty 
years. This is a position which neither the Government nor those 
interested in the metallurgical industry can view with equanimity. 
The most recent Committw appointed by the Government of India 
to investigate the position and suggest remedies was the Burrows 
Committee of 1937. The terms of reference to that Committee 
were unfortunately not comprehensive enough and the legisla- 
tive measures taken by Government as a result of the recom- 
mendations of the Committee are mainly confined to the ensuring 
of safety in Mines. The problem of Indian coking coals is, 
however, one of conservation as well as of safety and if proper 
attention is paid to conservation, the problem of safety ^1 
more or less automatically be solved. Legislation in the interest 
of safety which places additional bur&iis on the industry 
without assisting it to dispose of its production in a more scientific 
manner, is likely to worsen the situation by hastening the 
uneconomic exploitation of the good coals by the smaller colliery 
owners. What is required is the rationalimtion of production 
as well as of consumption. In order to achieve the rationaliza- 
tion of consumption, a thorough chemical and physical survey 
of the coalfields beginning with the Jheria coalfield, in conjunc- 
tion with a scheme of coal utilization research is absolutely 
necessary. For that purpose it is necessary to 
Research ® Research Board as a branch of the 

Board. Board of Scientific and Industrial Research with 
a proper personnel, adequate staff and funds. 
Power is a sine qua non of the development of all indus- 
tries and the proper conservation and utilization of the coal 
resources of the country is the first question that requires to be 
tackled in any consideration of the power resources of the 
country. The geological survey of the various coalfields has been 
excellently and exhaustively carried out at great expense to 
Government and it is high time that a scientific, chemical and 
physical survey were also carried out. Such a survey has been 
instituted in Great Britain and has resulted in a mass of most 
valuable information regarding British coals which has in many 
instances completely altered the attitude of the industry to many 
varieties of coal and enabled a more efficient use to be made of 
them. 

On the production side the most important problem is that 
of the co-ordinated sequence of working the coal seams. Perhaps 
the worst feature of the working of In^an collieries is the exploi- 
tation of the richer coal from the lower seams for immediate 
profit and the neglect of the upper seams resulting in subsi- 
dences, fires and destruction of valuable coals. The co-ordinated 
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sequence of working will prevent this destruction of top seams 
and will eliminate to a large extent the necessity of stowing 
altogether. No. 16 seam in the Jheria coalfield is a case in point. 
This coal has good coking properties but because of its high ash 
content and doubtful swelling tendencies it has been compara- 
tively unexploited, either as a steam or coking coal. 

The washing of coals is another question affecting produc- 
tion. In many cases the ash in the Jheria coals is inherent or 
when present in a free condition is of about the same sx)ecific 
gravity as the coal itself, thus making the separation impossible 
or difficult, but it has been proved that in certain of our high 
ash seams the ash content can be reduced by liquid flotation. 
11 and 16 seams Jheria come into this category and further 
research is necessary to determine whether it is economically 
feasible to wash these coals with a view to reduce their ash 
content. 

On the consumption side, the chemical and physical survey 
into our coal seams in conjunction with coal utilization research 
will in the first place enable us to determine the range and variety 
of coals suitable for coking as well as boiler purposes. Research 
is necessary in order to ascertain whether vlth proper blending 
and mixing the demands of the metallurgical industry need be 
confined to the very limited Jheria field. Several experiments 
have been ctirried out in the past, but further systematic research 
by the Board suggested above into blending with high ash 
coking coals, with sw'elling coking coals and with non-coking 
coals may result in the conservation of good coals and an exten- 
sion of the range of coals available for metallurgical purposes. 

Similar research is also required in the case of power coals. 
A certain amount of information is already available but is 
mainly confined to the mixing of the high volatile coal in the 
Raneegunge field with the low volatile coal in the Jheria field 
for the export market and bunkering only. These low vohitile 
coals from the Jheria are good metallurgical coals and research 
will doubtless produce suitable blends for export and power 
requirements without encroachment on these valuable low^ 
volatile coking coals. 

The utilization of high ash coals for electrical generation 
at the sources of production and the distribution of the energy 
thus supplied over large areas is another problem of the first 
magnitude. Tlie erection of a large power station on the coal- 
fields for the distribution of cheap power to surrounding areas 
has already been advocated from many sources and has engaged 
the attention of the Government of Bihar. Further investiga- 
tion of the suitability of the coal for su(;h a purpose will help 
greatly towards the fulfilment of this very desirable project 
and should form one of the first objects of enquiry by the 
proposed Board. 
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liow temperature carbonization tests with various classes 
of coal, particularly of high ash, which are unsuitable for 
metallurgical purposes and also unsuitable on account of hi^ ash 
content for transport to distant areas for power purposes, ^ould 
provide another field for the activities of the Boiurd, A number 
of scientists from the platform of this Congress as well as outside 
have advocated the cheap production of domestic coke on a mass 
scale and the utilization of the resultant tar for industrial 
purposes. The present very small production of soft coke is 
capable of very great extension if a market can be found for the 
coke as well as the resultant tar, even if the gases are ignored 
for the^ present. The economic difficulties in the way of such a 
proposal need not be minimized but practical experiments have 
already been carried out at Patna under the auspices of the 
Bihar Government and these would seem to indicate that 
further research may prove successful. Should this prove to 
be the case, there would be an adequate supply of raw material 
for the foundation of hydrogenation plants. This may be 
regarded as a distant aim as such plants have not proved too 
successful in other countries, but with the cheap Indian coals 
and the large quantities of tars w^hich would be available from 
their low temperature carbonization success may be easier of 
attainment in India than in other countries. 

The Board should also investigate the question of the 
scientific preparation of coal for the market and buying and 
selling on specification. This would mean the complete aban- 
donment of the existing unscientific system of grading. The 
seams which were originally graded, have become exhaustecl 
or are nearing exhaustion or have deteriorated to such an 
extent that the classification is in many cases no longer appli- 
cable. The disposal of the metalliferous production of the 
country has long been established on the international basis of 
scientific specification and it would be equitable to both buyer 
and seller alike to establish the buying and selling of coal and 
coke on a similar basis. 

If my proposal for the establishment of a Fuel Research 
Board is approved, I would suggest that as the Jheria coalfield 
is practically the sole source of our coking coals and is also 
the centre of the Indian School of Mines, the headquarters of 
the Board should be situated at Dhanbad and the School of 
Mines and its laboratories which should be adequately equipped 
for the purpose, should bo utilized for the investigations of the 
Board. 


The Tata Ikon and Steel Company: 

Progress in the last decade. 

The last decade has seen a great expansion of the Steel 
Industry in India, accompanied by improvement in the various 
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processes and the application of scientific methods of control. 
You will forgive me if I confine my remarks to the works of 
the Tata Iron and Steel Company alone, as the steel-making 
plant at Bhadravati in the Mysore State was put up in 1936 
and has an annual capacity of about 20,000 tons only, while 
the plant of the Steel Corporation of Bengal with an estimated 
capacity of two hundred to two hundred and "fifty thousand 
tons of finished steel, has begun operation very recently. In 
terms of tonnage, the progress can be measur^ by the fact 
that while the Tata Iron and Steel Company produced 422,000 
tons of finished steel in 1929-30, the corresponding production 
in 1939-40 was 777,000 tons. Ten years ago only thirty per 
cent of the demand of the countrj^ for steel was met by the 
indigenous industry, whereas in 1939-40 about eighty-four per 
cent of the demand w^as so mot and the day is not distant when 
India will be able to supply not only the whole demand of tin* 
coimtry except in a few very specialized directions but also to 
spare some steel for export . 

Following the sequence of the manufacturing processes of 
steel, I begin with the coke ovens, where the coal is converted 
int^ coke. Ten years ago we had three batteries 
Coke ovens, of Wilputte Coke Ovens and two batteries of the 
still older Koppers Coke Ovens which together 
produced 720,000 tons of coke, 22,300 tons of tar and 6,600 
tons of ammonium sulphate. By 1940 all except one of the 
Wilputte batteries were replaced by three modern batteries of 
Simon-Carves Coke Ovens containing 54 to 56 ovens in each 
battery at a cost of Rupees one croro and sixty -five lakhs. These 
batteries are of the twinflue ‘Under jet* type capable of car- 
bonizing 1,300 to 1,500 tons of coal each per working day. 
Arrangements have been provided for firing the ovens with coke 
oven gas or with the cheaper blast furnace cleaned gas. Firing 
the coke ovens with blast furnace gas releases the more valuable 
coke oven gas for use in steel making furnaces in other parts of 
the plant. The twinfiue construction assures a more uniform 
heating throughout the length and height of the oven with a 
resulting uniformity of the coke produced. As stated in the 
preceding part of the address, all coals do not give good coke and 
careful investigations have to be carried out in the blending 
and mixing of different varieties of coal. To this end three 
large slot bunkers of the capacity of 2,000 tons each have 
been installed. Coal wagons, as they arrive from the collieries, 
are taken over to the selected bunkers and unloaded. The 
coal is then mixed mechanically in the required proportions from 
the three bunkers and suitable mixed coal is conveyed by 
mechanical conveyors to the ovens into which it is charged. 

The three principal by-products of the coke ovens are coke 
oven gas, ammonia which is turned into ammonium sulphate 
and tar. Tlie sulphuric acid for the nuinufacture of the 
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ammonium sulphate is made in a recently installed contact 
process plant producing fifty tons of 100% acid per day. 

So far the manufacture of benssol as a by-product of the coke 
ovens has only been attempted on a very si^l scale in India, 
A plant is now nearing completion at Jamshedpiur for the 
manufacture of benzol and toluole for the Qovernment of 


India. Whenit comes into operation, it will be of great assistance 
in the manufacture of high explosives for the ordnance factories. 
The plant is designed for extracting benzol motor spirit and 
toluole and is being installed by Messrs. Simon-Carves. 

The next stage in the manufacturing process is the blast 
furnace for the production of pig iron. Ten years ago, 
Jamshedpur had four blast furnaces; two of the 
capacity of 900 tons, one of 760 tons and one of 
2TO tons per day. The small blast furnace was 
completely rebuilt in 1936 and its capacity was increased to 660 
tons. An entirely modem blast furnace was installed last year. 
The diameter of its hearth is 22 feet 6 inches, of the bosh 
26 feet 6 inches and of the top 19 feet. Its height is 96 feet 
and volume 36,160 cubic feet. For the one year that this fur- 
nace has been in operation it is estimated to have produced more 
iron than has ever been produced elsewhere on a furnace of 
similar size over a similar period. The total pig iron capacity of 
the Jamshedpur plant is a million and a quarter tons per annum. 

For every ton of iron made, a blast furnace produces 
roughly 100,000 cubic feet of gas. This blast fiirnace gas 
contains about 14 grains of dust per cubic foot of gas at N.T.P. 
This gas has considerable fuel value, but owing to its dirty 
condition its use in industrial plants, such as blast furnace 
stoves and boilers is restricted. It has been realized that 


considerable fuel economy can be effected if this gas is cleaned. 
In the last ten years the Steel Company has installed two large 
gas cleaning plants, each with a capacity of fourteen million 
cubic feet of blast furnace gas at N.T.P. per hour. Both the 
plants clean the gas to a purity of 0*008 grains of solids per cubic 
foot of gas at N.T.P. The older of these two plants is the 
Lodge Cottrell plant of the dry type which came into operation 
in 1934. The second gas cleaning plant is of the Brassert 
design. This plant consists of wooden-hurdle wet washers 
which not only cool the dirty blast furnace gas but also remove 
about eighty per cent of the solids from the gas. This semi- 
cleaned gas is then passed through the Cottrell wet electric 
precipitators which precipitate the rest of the solids and deliver 
clean gas to specification. 

The old concepts of fuel economy and energy distribution 
liave been completely revolutionized by the modern scientific 
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paiiy is a highly Bpecialized job» which is in charge of a special 
department of the plant, designated the Energy and Economy 
Department. The efiforts of this department have succeeded 
in reducing the overall fuel rate from 3*56 tons of coal per ton 
of steel in 1930-31 to 2-19 tons in 1939-40. Modem practice 
aims at reducing the .use of coal as fuel and replacing it by the 
more efl&cient by-product fuels, such as coke oven gas, blast 
furnace gas, coke dust, etc. The use of mixed gases in this 
eonnection requii’es special mention. 

The cleaning of the blast furnace gas permits of its use in 
coke ovens and releases a corresponding amount of the richer 
coke oven gas for use elsewhere at the plant. Blast furnace 
gas has a comparatively low heating value of about 110 B.T.U. 
per cubic foot of gas, while coke oven gas has a value of about 
470 B.T.U. per cubic foot. Modern practice tends to a greater 
use of coke oven gas or a mixture of coke oven and cleaned blast 
furnace gas in steel making and re-heating furnaces, replacing 
to that extent coal which has been used so far in the form of 
producer gas. Fuel costs are thus greatly reduced. For the 
successful use of the gases it is necessary to have steady 
pressure of gas at the consuming ends. For that purpose two 
large dry gas holders for the storage of blast furnace and coke 
oven gas respectively have recently been installed. These gas 
holders act as I’eservoirs which smooth out the fluctuations of the 
gas caused by the furnace irregularities and thus assure conti- 
nuous operation of boilers, coke ovens and other consuming 
centres. The blast furnace gas holder is a huge structure 283 
feet high, 176 feet in diameter, capable of holding million 
cubic feet of gas at N.T.P. The coke oven gas holder is 192 
feel high, 112 feet in diameter and holds 1^ million cubic feet of 
coke oven gas. 

Steel- The last ten years have also seen important 

making developments in steel-making practice and a 
Practice. considerable increase in production. 

Steel-making operations at Jamshedpur are carried out 
in two types of plants, the Open Hearth and the Duplex. The 
Open Hearth is the oldest part of the Jamshedpur plant. Foiu’ 
out of the seven furnaces which wo were working ten years ago, 
have been remodelled along modem lines and an eighth furnace 
has been built. The ingot production from this plant has been 
increased during the last ten years by over 100,000 tons per 
year, the flgure for 1929-30 being 242,000 tons as compared with 
346,000 tons in 1939-40. The Duplex steel-making process, 
as its name implies, consists of two operations, (a) blowing the 
molten pig iron in acid lined Bessemer converters to remove 
the silicon and manganese and most of the carbon, and (6) 
transferring the blown metal to basic-lined Open Hearth tilting 
furnaces where the phosphorus is removed and the steel finished 
to chemical specification. Improvements to this plant during 
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the last ten years have resulted in increase of production &om 
340,000 tons in 1929-80 to 670,000 tons in 19394o. In addition 
to these two steel-making plants a four-ton electric furnace waa 
installed in 1936 mainly for the manufacture of electric castings, 
while two five-ton electric furnaces have only recently been 
installed and are being utilized for the maninacture of class 
steel, spring steel and alloy steel. The installation of these 
electric furnaces has been of the greatest assistance in the 
making of superior quality alloy steel required by the Defence 
Department. 

The most important advance made during the last decade, 
from the point of view of scientific research, is the practical 
development of the rapid dephosphorizing process. 
^ As this matter has never been the subject of 

making public discussion in India so far, a few details 

Process. will not be out of place here. As is well known, 
Indian pig iron contains about ‘3 to *4% 
phosphorus. This percentage of phosphorus in the iron neither 
lends itself to the straight basic Bessemer process nor to the 
straight acid Bessemer process. The phosphorus has to be 
removed to *05% for most commercial specifications though 
as much as '10% is admissible in certain products. The 
removal of this phosphorus is normally effected by the action 
of basic and oxidizing slags in Open Hearth furnaces. At 
the best of times this is a slow operation taking from one to 
several hours even in the quick working Open Hearth furnaces 
of our Duplex plant. In 1936, when our General Manager, 
Mr, Ghandy, and myself were on leave in Europe, our attention 
was drawn to certain developments in France, where a French 
Steel Engineer, M. Perrin, had carried out successful experiments 
in the rapid deoxidation of steel by violent mixing together of 
slag and steel so as to obtain a considerably greater area of 
contact between them than could ever be obtained in the con- 


ventional Open Hearth furnaces. This idea of the violent 
mixing of slag and steel was also considered applicable to the 
dephosphorizing operation. After a study of the French ex- 
periments, large-scale investigation over a long period was 
carried out at Jamshedpur and ultimately a practical method 
was evolved for oi)erating the dephosphorizing process on a 
commercial scale under Ladian conditions. This new process 
consists in blowing molten pig iron in an acid Bessemer converter 
to remove all the silicon and manganese and as much of the 
carbon as required. This blown metal is then poured from a 
considerable height into a synthetic molten Imsic oxidizing 
slag contained in a ladle. The metal comes into very intimate 
contact w ith the slag and the phosphorus is rapidly removed in 
the course of two or three minutes, instead of as many hours, 
in the normal open hearth process. As the steel and slag 
separate, the steel is finished tp analysis and cast into ingots. 




semer Converter-: 
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The prooeeB is subject to exact control and steel of basic Bessemer 
quality can be made directly from the pig iron. Moreover, the 
dephosphorized metal can be further treated in an Acid Open 
Hearth furnace and steel of first class open hearth quality can 
be made. Thus for the first time in India it becomes possible 
to make acid steel out of Indian basic pig iron. A plant for the 
manufacture of steel by this process is now imder construction. 
The successful development of this process may be regarded as 
the most important advance in steel making practice that the 
young Indian steel industry has made. It is likely to have far- 
reaching effects on the establishment of several new industries 
in India, such as locomotive manufacture and the manufacture of 
railway wheels, tyres and axles, for which acid steel is specified. 

In the manufacture of rails, advance has been made as a 
result of metallurgical research duiing the last ten years. Tn- 
Ralls vestigations have shown that medium manganese rails 

with a lower carbon and higher manganese content of 
riO to 1*40% have superior properties of wear and resistance as 
compared to straight carbon rails with higher carbon and lower 
manganese content. There is a growing tendency to replace 
straight carbon rails with medium manganese rails. On the 
other hand, high chromium rails were found unsatisfactory. 

An interesting advance has been the installation of Sandberg 
Ovens for the Sandberg controlled cooling process for rails. 
All over the world the controlled cooling of rails has come to be 
looked upon as a definite and desirable advance on the old practice 
of cooling rails on open hot-beds. The Tata Iron and Steel 
Company have obtained exclusive rights in India for the working 
of the Sandberg process. They have installed four Sandberg 
Ovens for the controlled cooling of their rails. Experiments 
are also being conducted in the welding of rails in the track. 
This aims at giving longer lengths in the track between joints 
and helps to provide a smoother ride. 

In the Plate Mill, the most interesting development in the 
last decade is the installation of a modern normalizing furnace 
pj for plates. This furnace was first installed to 

^ normalize some of the high tensile steel plates for 

the new Howrah Bridge. By the aid of this furnace it is now 
possible to produce in India normalized plates which had formerly 
to be imported. The furnace is also used to normalize certain 
structural sections. Thus materials with a new range of physical 
properties have been made available to the designing engineers. 
It is worth noting that Indian plates have largely replaced foreign 
plates even for the most exacting demands, such as for barges 
and ships. 

Ten years ago, the Sheet Mill at Jamshedpur consisted of 
five hand«operated units and the total axmual production was 
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38,000 tons. The rolling of sheets was an extremely strenuous 
g manual operation calling for consideraWe physical 

exertion. Production was low, defects and rejec- 
tions were high. To-day we have only four hand-operated 
mills and three mechanized units with an output of 170,000 
tons. These new mechanized units have produced tonnages 
which, as far as can be ascertained, constitute a world record 
for this type of equipment. Besides the ordinary quality 
mild stool sheets, the Jamshedpur plant now turns out different 
classes of sheets with a high grade finish, including ‘Tiscor* and 
high carbon sheets. Panel plates for coach building are supplied 
to the Railways and the various engineering firms. Other 
special developments in sheet manufacture are the rolling of 
drum stock for the manufacture of drums and containers, 
enamelling stock for deep-drawing and subsequent enamelling, 
furniture stock and, lastly, special sheets for steel helmets for 
the army. 

It is owing to applied research that most of the significant 
advances in the steel industry at Jamshedpur during the last 
decade have been made possible. I have already 
^eels?^ mentioned the case of the rapid dephosphorizing 
steel. The development of low-alloy steels is 
another very important instance. Engineers in general and 
transportation engineers in particular are beginning to realize 
that ordinary carbon steel performs its functions only at the 
ex]}en8e of unnecessary dead weight and excessive loss duo to 
its low resistance to corrosion and abrasion. The problem of 
providing suitable materials for lighter weight is not one relating 
to mechanical strength alone. It requires the integration of 
several properties in one material, such as strength, resistance 
to impact, corrosion and abrasion, ease of forming, satisfactory 
welding, etc., as well as moderate cost. With this end in view, 
metallurgical research was conducted at Jamshedpur, resulting 
in the development and commercial manufacture of a low alloy, 
high-tensile steel containing copper and chromium known as 
^Tiscrom*. This steel is being employed in the construction 
of the new Howrah Bridge. 

The introduction to India of another low-alloy high-tensile 
steel, sold in America imder the trade name ‘Corten’ deserves 
mention. Research conducted in America had shown that the 
addition of a high percentage of silicon and phosphorus to alloy 
steel, containing chromium and copper, resulted in a low-alloy 
high-tensile steel of the same properties as those of Tiscrom 
but with the additional important property that it could be 
readilj/ welded by all methods of rapid welding such as oxy- 
acetylene and automatic electric welding. After an investiga- 
tion into the possibilities of the manufocture of this steel in 
India and an examination of the claims put forward for it, the 
Tata Iron and Steel Company obtained exclusive rights for 
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the manufacture and marketing of this steel in India under 
the trade name of ‘Tiscor*. 

Reference has already been made to the installation of the 
electric fui'naces. Among the special qualities of iron and steel 
manufactured from these furnaces are chrome- 
Steel^. manganese steel for crane track wheels, thirteen 
per cent manganese steel for crusher jaws and 
similar hard wearing parts of machinery, nickel-chrome heat- 
resisting stool and cast iron for various castings required to 
withstand high temperatures and nickel-chrome-molybdenum 
steel for crane pinions, mill rolls, etc. The manufacture at 
Jamshedpur of special alloy steel rolls has enabled the Steel 
Company to replace similar rolls of foreign manufacture. 

Since the outbreak of the war, intensive research work 
has been undertaken for Government in connection with the 
manufacture of armoured vehicles in India, and as a result a 
bullet-proof armour plate of sjiecial alloy steel which has stood 
tlio tiling tests and has been accepted by Government, has been 
developed. Suitable steels for the manufacture of armour 
j)icrcing shot and for steel helmets have also been produced, 
lleseaich work was undertaken at the instance of Government 
in regard to the supply of steel suitable for telegraph wires. 
This steel has now been successfully man\if*actured and the wire 
rolled at the works of the Indian Steel and Wire Products out 
of this material has met with the approval of the Department 
of Posts and Telegraphs. 

Researches are being carried out on behalf of tho Defence 
Department in connection with tho welding of chrome- 
molybdenum steel plates for aircraft manufacture and in other 
directions. 

Most of the high speed steel requirements of tho plant for 
machine tools are now being met by the remelting of tool scrap 
in the high frequency induction furnace in our laboratories. 
High chrome and stainless steels have been produced in the 
furnace in small quantities. 

Besides metallurgical research, fuel research, chemical 
research and research in refiactories are bcjing pursued. Re- 
searches of tho fuel department in blending and mixing have 
resulted in the determination of the most suitable varieties of 
coals for coking and similar purposes. Research on refractories 
has enabled us to evolve a better class of refractories for the 
use of tho steel plant. Indian raw magnesite was at one time 
considered luisuitablo for use in basic steel furnaces. Investi- 
gations carried out at Jamshedpur have now' made it possible 
to produce in India the 8teel Company’s entire lequiroments 
of finished magnesite. Metal-cased magnesite bricks made at 
Jamshedpur have given very encouraging results for the super- 
structure of basic furnaces. Chrome magnesite brick for use 
above tho slag line in basic Open Hearth furnaces in place of 
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silica brick is another important development in the refractory 
field. Other interesting developments in brick manufacture 
are investigations into the possibilities of the manufacture of 
forsterite, semisilica, micasohist and mullite bricks. An 
entirely new process has been developed for the manufacture 
of mullite refmctories using cyanite, silimanite and andalusite, 
India having practically a monopoly of the fiist two. Very 
productive work has also been accomplished with regard to 
high-temperature mortars. Superior types of mortars for high 
temperature work are now being locally made, replacing many 
of the imported brands. 

To facilitate research work, a modem well-equipped labora- 
tory was erected in 1937 at a cost of over Bupees ten lakhs. 

May I express the hope that with the facilities for 
A nucleus metallurgical research provided by this labora- 
for a Na- tory and its workers, Jamshedpur may in the near 
tional Me- future become the centre of a National Metallm- 
tallurglcal gj^al Laboratory and Research Institute and 
Laboratory, ^ enabled to play a greater and worthier 

part in the development of the metallurgical 
industry in India. 

When the titanic conflict now being waged ends, as end it 
must, in the triumph of the democracies and the cause of human 
freedom, I pray that India may emerge from it with the founda- 
tions of its industrial as well as political freedom well and truly 
laid, so that she may be properly equipped to play her rightful 
part in x>6ace and in war as a worthy meml^r of this great 
commonwealth of nations. 


2B 
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{Delivered on Jan. 3f 1941) 

FUNCTIONAL ANALYSIS AND MATHEMATICAL PHYSICS 
1. Introduction. 

During the last 150 years mathematics has not only made 
an immense advance in the directions already indicated by 
Descartes, Newton, Leibnitz, Euler and Lagrange, but entirely 
new branches have been created, such as projective geometry 
and functions of complex variables in the pure, and mathematical 
physics in the applied domains. This development in mathe- 
matics has often gone hand in hand with the progress of the 
natural sciences. New methods of attack have been developed 
in order to solve the problems set by these sciences. The 
most famous example of this kind is the Fouiier analysis 
developed in connection with the theory of Heat conduction. 
The recent development in the theories of integral and integro- 
differential equations owes its origin mainly to the occurrence 
of such equations in mathematical physics. 

At times, however, the trend of events has been in the 
opposite direction. Many subjects in mathematics were 
developed purely for their own sake by the generalization of 
previous concepts. At the time of their creation they were 
considered to be so abstract as to be of no earthly use for any 
applications. But as our knowledge of the world advances, 
even the most abstract branches of mathematics are being found 
to be required for the explanation of the processes of nature. 
We have gradually seen the functions of complex variables, 
functions of an infinite number of variables, tensors, quaternions, 
matrices and groups become powerful tools in the hands of the 
physicist. 

Mathematics is thus becoming more and more indispensable 
for all other branches of knowledge. The formulation of all the 
fundamental laws of nature requires its use. Dirac has recently 
pointed out that ‘Mathematics is the tool specially suited for 
dealing with abstract concepts of any kind, and there is no 
limit to its power in this field. For this reason a book on the 
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new physics, if not purely descriptive of experimental work 
must be essentially mathematical.’ 

Another characteristic development of modem times is the 
rise of the deductive method in applied mathematics. Instead of 
advancing from particular cases to the general, as done in the 
inductive or historic«al method which prevailed up to the 19th 
century, mathematicians now sought for the most general and 
comprehensive law from which particular consequences could 
be deduced as necessity arose. Thus, to give one or two well- 
known instances, in mechanics instead of starting with Newton’s 
laws and then generalizing them to Lagrange’s and Hamilton’s 
equations, mathematicians began to write do^vn Hamilton’s 
Variation Principle at the head of mechanics, and deduced all 
other results from it. Similarly, instead of building up electro- 
dynamics inductively with the help of Coulomb’s, Gauss’s, 
Ohm’s, Joule’s, Ampere’s and Faraday’s laws, it w'as realized 
that the theory could bo more eifectivcly and logically constructed 
by assuming simply Poynting’s law together with the principle 
of conservation of energy. 

These attempts at the unification of various theories and 
various branches of knowledge demand the creation of very 
powerful tools of mathematical analysis. Such tools have been 
created and developed since the beginning of the present century, 
and it is of these that I would like to speak in this address. 


2. The integral equation. 


Gauss* was the first mathematician to be led to an integral 
equation through a boundary -value problem in potential theory. 
Later in 1823, Abel ^ was led to the equation: 


I. 






by a consideration of the following problem in Mechanics : 

‘ To determine a curve in a vertical plane such that a heavy 
particle starting from rest and restricted to move on the curve, 
shall arrive at the lowest point 0 in a time which shall be a given 
fimction /(«) of the initial height s above the point 0.’ With 
the help of Fourier’s theorem, Abel showed that the solution of 
the integral equation (I) is given by 



f (l) 

'\/ a— i 


* D. Hilbert: Grondzfige einer. allg. Thoorie der Integralgleichungen, 
Leipzig, p.l, 1912. 
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Independently of Abel, Liouville was led to the integral 
equation (I) while studying an extensive class of geometrical and 
physical questions. One of his problems was as follows: ‘An 
indefinite straight line Y has a uniform distribution of mass 
symmetrical with respect to the rr-axis. It is attracted by the 
point A situated on this axis at a distance x. The attraction on 
each point of Y depends on its distance from A, but the law of 
attraction is not known. The total attraction ili(x) being given, 
determine the attraction F{r) of the point A on the point M 
at a distance r from A \ 

The considerations of Abel and Liouville gave rise to a vast 
number of inversion formulae for definite integrals. The integral 
equation which wo now call of the second kind came up gradually 
in the course of the 19th century. Its first occurrence can be 
traced to Liouville (1837). A. Beer 3 found it again in 1856 
in connection with a boundary-value problem of the potential 
theory. These were, however, integral equations with sj>ocial 
kernels. It was Paul du Bois-Raymond ^ who, in 1887, first 
drew attention to the general equation : 

IL <h{8) + f K{8, t) f>{t) dt = f{8). 

J a 


Incidentally, it was du Bois-Raymond who suggested the name 
‘Integral Equation’ which was later adopted by David Hilbert. 
Before this the problem was called ‘Inversion of a definite 
integral ’. 

Two methods of iterations or successive approximations 
were developed to solve the equation (II). Thus 


and 


III. K{^%t)cl>,^i{i)dt, 

d a 

(w = I, 2, . . 

/i(^)= - r K(8,t)f{t)dt^ 

^ a 

/«(«) = — f 0/«-iW dt, (» = 2, . . . . ) 

^ a 




IV. 


0(«) =/(«)+/lW+/2(«)+ . ■ . . 


Liouville ^ was the first to use this method of solution for a 
particular equation of the second kind. The special nature of 
his kernel allowed him to prove the uniform convergence of 
<^(«) a=/(fi)-i-/i(5)+/^(5)+ . . by explicit calculation. A. Beer® 
applied the method (III) formally to his integral equation. 
His main contribution lay in the fact that he transformed an 
integral equation of the fimt kind which cannot be solved by the 
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method of iterations to an equation of the second kind which 
can thus be solved. The convergence of Beer's process was first 
established by C. Neumann and the method of iterations is 
usually associated with his name. 

Another class of integral equations, the so-called Volterra's 
equations, were first discovered by J. Le Roux® and Vito 
Volterra®: 

V. <^W+r K(s,tm)dt^f(s), 

^ 0 

Volterra remarked that the treatment of equation (V) was 
analogous to that of a system of linear algebraic equations in 
which the rth equation contains the first r unknowns only. 

At this stage came the epoch-making discovery of Ivor 
Fredholm Inspired by the work of H. Poincar4 in connec- 
tion with Dirichlet's Problem, Fredholm introduced the general 
integral equation 

VI. ^(«)- A J Kia. m) dt = /(«). 

a 

He conceived the idea of treating this equation on the model of a 
system of lineai algebraic equations which are solved with the 
help of determinants, Fredholm found the solution of (VI) as 
a quotient of two integral transcendental functions of A. He 
followed faithfully not only the results but also the methods 
of the theory of determinants. Confining himself to these 
elementary operations and avoiding the function-theoretical 
considerations employed by Poincar4, Fredholm was yet 
successful in formulating a simple theory of quite a general 
character. 

In complete analogy with the theorems for a system of 
linear algebraic equations, Fredholm proved the following two 
theorems: 

00 

Theorem 1. If jD(A) s ^ (— 0, where 

n.°0 




a 



. , ^(r,, f,) 

.... 

dri 


. . , K{r„ r„) 


then the non-homogeneous equation (VI) has for any arbitrary 
and continuous function /(5), one and only one solution ^(a), 
and particularly the solution =s 0 for / = 0. In this case 
the transposed equation 
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0(«)-A 


fm, 

^ a 




has also a unique solution. 

Theorem 2. If A is a real root of D{X) = 0 of multiplicity p, 
then the homogeneous equation 


<(>{$) -X 


K{a. 

J a 




has p linearly independent solutions <^ 1 ( 5 ), 
Every solution of (VII) is then of the form 

^( 5 ) = +(^p^p(s)f 

where the c’s are constants. 

The associated equation 


V n 


8)i}f(t) dt^O 


has also p linearly independent solutions 0i(5), ...» ^p{8). 
Every solution of this associated equation can be written as 

0(«) = CiV&i(s)+ . . . +C^0^(«). 

The non-homogenoous equation (VI) for D{X) =: 0 is then and only 
then soluble when 


f{8)ilt^(s) (fa = 0, (r = 1, 2 p). 


3. Hilbert’s general theory of linear integral equations. 

Immediately after the publication of Fredholm’s first paper, 
the investigations were taken over by David Hilbert who, 
during the decade (1901-1910), developed a fairly complete 
theory not only of the solution of linear integral equations, 
but also of eigenvalues, of the Fourier expansion of arbitrary 
functions in series of eigenfunctions and of application to 
mathematical and physical problems, 

Hilbert started with the algebraic problem of the orthogonal 
transformation of a quadratic form in a sum of squares, and 
then arrived at the solution of the transcendental problem (for 
integral equations) by a rigorous application of the limiting 
process when w -> 00 . Hilbert established not only the existence 
of eigenfunctions in the most general case, but gave also the 
necessary and sufficient conditions for an infinite number of 
eigenfunctions. His investigations showed that it is not at all 
necessary to employ ordinary or partial differential equations in 
the theory of expansion of arbitrary functions. It is actually the 
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integral equations which form the necessary basis and the natural 
starting point for such expansions in series. 

Hilbert’s eigenvalue theory is developed on the same lines 
as the principal-axes theory of algebra, and if the functions are 
taken to be integrable the now theory becomes completely 
analogous to the algebraic theory. 

HillK^rt then considered the ordinary differential equation 
of the Stum-Liouville type 

for various boundary values, reduced it to an integral equation 
with the help of the so-called Green’s function, and proved the 
existence of eigenvalues and the expansibility of the given 
functions in series of eigenfunctions of the problem. He proved 
a similar result for the self-adjoint partial differential equation: 

2 /) »)}“ == 0 . 

A 6im])ler and edegant method for obtaining Hilbert’s results 
directly without using the limiting process was given laf»er by 
Hilbert’s pupil, Erhard Siihmidt ^2. Two other of Hilbert’s 
pupils, viz.: Hermann Weyl and R. Courant considered the 
maximum-minimum properties of the eigenvalues. 

4. Applications or lineak integral equations. 

Integral equations have now become indispensable in many 
theories in geometry, analysis and f^he whole domain of mathe- 
matical physios, Th(^ theory of ordinary and partial differential 
equations, specially of the equations of mathematical physics, 
cannot bo conceived without the theory of integral equations. 
The equations of heat, sound and of the potential theory, the 
oscillations of a linear system, the problems of heat-conduction 
and oscillation in two and three dimensions, thermoelastic 
phenomena of straight rods, and numerous other important 
subjects can bo dealt with in a satisfactory manner only through 
the mediation of integral equations. 

In many cases the same result can no doubt be obtained by 
solving a boundary- value problem for a differential equation, but 
the emplojunent of integral equations has many advantages: 
(1 ) First of all in the differential equation there is an unnecessary 
splitting-up of the problem into the fundamental equation and the 
secondary conditions. The integral equation contains in itself 
all parts of the question. (2) Then it is not necessary to investi- 
gate individually problems of different higher orders with a 
different number of boundary conditions each time. The study 
of only one kind of integral equations is sufficient. (3) Again, 
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problems with a single independent variable and those with 
several independent variables give rise to the fundamentally 
different theories of ordinary and partial differential equations, 
whereas in the theory of integral equations there is no 
fundamental difference between the two cases. (4) Finally, it is 
seen that problems with several dependent variables which give 
rise to a system of simultaneous differential equations can bo 
treated with the help of a single integral equation alone. 

In problems of mathematical physics, the integral equation 
is usually obtained through the medium of an ordinary or a 
partial differential equation or of a system of such equations. 
In 1910, however, Hilbert made a direct application of the 
theory of integral equations without bringing in the differential 
equations at all. He showed that it is a linear integral equation 
of the second kind with a symmetric kernel which forms the 
real mathematical basis of the kinetic theory of gases. A 
systematicj formulation of the theory of gases would be impossible 
without the modern methods of integral equations. For want 
of an application of integi'al equations the theory of gases put 
forward earlier by H. A. Lorentz^® was deficient, because Lorentz 
could not prove the existence and uniqueness of the solution of 
his fundamental equation. 

Hilbert also proved that the theory of radiation, and 
particularly the well-known theorem of Kirchhoff about the 
relation between the emission and absorption of radiation, coidd 
be treated most simply and completely with the helx) of the 
theory of integral equations. It would be remembered that all 
proofs of Kirchhoff’s theorem put forward before this were not 
quite satisfactory. 

5. Integiio-differemtiai. equations. 

In classical mechanics and physics the fundamental problem 
is to explain the phenomena (i.e. to follow their evolution) and 
to predict them. If the system is known at a given instant, all 
future states are completely determined. Such an evolution 
which is known at each instant, and which therefore depends on 
external circumstances is called ‘deterministic’. Thus, in the 
organic domain, the theories of Lamarck and of Darwin represent 
the type of deterministic evolution. In the inorganic domain, 
we have of course the Newtonian mechanics as an instance. 

But evolution may depend on internal causes. If at each 
instant it depends on the actual conditions, it will be a non- 
hereditary evolution. Only one analytical apparatus, viz., the 
theory of differential equations, is necessary for the treatment 
of these non-hereditary phenomena, whether in the organic or 
in the inorganic domain. All these phenomena obey the principle 
that the present state determines the future. This principle is a 
consequence of the conception that each action manifests itself 
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only at the instant when it takes place, and leaves no heritage. 
This is the same thing as the assumption that the system does 
not conserve the memory of those actions which have affected it 
in the past. 

Now, all the phenomena of nature are not really produced 
in this way. Heredity and memory do exist, but we neglect 
them to simplify the study of such phenomena. The classical 
h^’potheses are only an approximation to reality. There are a 
number of phenomena which cannot be explained by the classical 
theories at all. The analysis proper to such phenomena is that 
of integro-differential equations. 

We shall mention here a few instances where heredity plays 
a big role, and whose explanation requires the integro-differential 
equations. 

(1) It is a fact well-known to engineers that the deformation 
of an old bridge is not the same at the present moment as it was 
at the time of its erection. 

(2) Similarly, suppose that one end of an elastic horizontal 
bar is fixed, while diferent weights can be hung at the other 
end. First we go on increasing the weights and then take them 
off gradually. It is observed that the deformation of the rod 
for any given weight is not the same when the weights are being 
increased as it is when the weights are being diminished. Thus 
wo see that the actual deformation does not depend only on the 
actual weight, but also on all the preceding weights. 

(3) The phenomena of hysteresis in magnetism are evidently 
of a hereditary character; they are very important in electro- 
technology. 

(4) Webster has considered the very interesting question 
about the best material for making tuning forks. He has been 
led to apply the conceptions of heredity and integro-differential 
equations to this problem, and to many others in acoustics. 

6* Non-unkae integral and integro-differential 

EQUATIONS. 

When Fredholm and Hilbert built up the theory of linear 
integral equations in close analogy with a system of linear 
algebraic equations, it was natural to enquire whether the 
theorems on a system of non-linear algebraic equations could 
not bo carried over to non-linear integral equations. These 
considerations have, however, been carried out for the solution 
‘im-kleinon*, that is, in the restricted domain, or, as they are 
sometimes called, for ‘local solutions’. 

Let 

Ft (* 1 , »2 *», 9 ) =» 0 (r = 1, 2, n) 

be a system of non-linear algebraic equations in n unknowns, 
where 1 / is a parameter. Suppose, os, = o„ (r = 1, 2 n) 
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( 9 ) 


is a known solution of this system for the parametric value 
y ss b. We know from algebra that for those values of y suffi- 
ciently near to 6, we can determine solutions of the system with 
the help of the solution = a^. The two main results in this 
connection are as follows : 

BF 

(1) If the Jacobian determinant does not vanish 

for Xp s=s Op and y ^ b, then one and only one solution of the 
system exists. 

(2) If the Jacobian vanishes, then we get Puiseux’s theorems 
on the branching-off of the solutions for varying parameter. 

The existence theorem ‘im-kleinen* for non-linear integral 
equations of the type 

h 

K{a, di+ H{a, t) { ^(<) • • . . = !7(«) 

a ^ a 

was established by Fubini is, Volterra i® and others by the 
method of successive approximations. Non-linear integral 
equations of Vol terra’s type have also been solved by this 
method for small values of a parameter A entering into the 
equation. 

E. Schmidt 20 developed in 1908 a theory for non-linear 
integral equations corresponding to Puiseux’s theorem for 
algebraic equations. Schmidt considered the equation. 

I. u{s)+ r K{8, t)u(t) dt = v(s)+F {u{8), v(s)}, 

^ a 

where F denotes a non-linear functional operation called an 
‘integral power series ’ by Schmidt. The functional jP{ u(8), v(8) } 
consists of an infinite number of terms of the form 





J a ^ a 


(ao+^0^ 0, ai+^i>Ii 


. . . 

n>0). 


where K(8y is a continuous function of all its 

arguments in (a, 6), and where all a, jS and n are non -negative 
integers. The problem is to solve the integral equation (I) for 
every given continuous function v{8) whose maximum modulus is 
sufficiently small. 

Schmidt proved that there are various possibilities for the 
solution of (I) according to the solubility or otherwise of the 
linea^^ homogeneous equation : 
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II. 



(ft « 0. 


(1) Suppose that (II) has no non-trivial solution. Then 
there exist two positive numbers A', V such that for every 
continuous function v(s) with Mctx | v(s) | <V there exists one 
and only one solution u(s) of (I) such that Max [ u(s) | < h\ This 
solution can be expressed as an integral power series in 

(2) Suppose that (II) has only one solution. Then we can 
find an integral transcendental equation 


III. • • • sss jP 2 [v(«)] 

in an unknown x with constant ...» which can be 

ibund from successive integrations of known functions, and 
where is an integral power series in v{s) which vanishes for 
t? =s 0. 

Now, if is the first non-vanishing coefficient of (III), then 
for each v(s) with sufficiently small maximum, there exist exactly 
n solutions of (I), that is to say, there is a w-ple branching-off 
as in the case of algebraic equations. 

However, if all vanish, then for v(s) = 0, the equation (I) 
has a non-denumerably infimte number of solutions. 

(3) In the third case, suppose that (II) has n linearly 
independent solutions. Then we get n branching-off equations 
of the type (III) in n parameters. Every system of sufficiently 
small solutions of these equations gives us a solution of (I). 

A number of non-linear integral equations w’ere also solved 
by Volterra 21 with the help of his theory of permutable functions 
and compositions and of his functional calculus. In fact, with 
the help of this calculus, he was able to show that every problem 
of analysis which has meromorphic fimctions for its solution 
loads to two problems which are correlated to it : (a) an integral 
or integro-differential problem of Volterra 's type havmg integral 
functions for its solution; (6) a problem of Fredholm’s type 
having meromorphic functions for its solution. 

In connection with various problems in higher partial 
differential equations and in hydrodynamics and celestial 
mechanics, L. Lichtenstein 22 set up and solved a number of non- 
linear integral equations and integro-differential equations. For 
instance, he considered the equation 


IV. 


ou 


n 1 




^ 0 


* * * » ^n) 

J 0 


and proved that at least for one value (zero included) of the 
parameter A, the equation (IV) has a non-trivial solution. The 
proof is given by reducing to an existence problem in the calculus 
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of variations ; from all functions continuous in 0 < « < w and 
satisfying 

<f>^{a) da 

J 0 

it is required to deteraiine those functions which give the highest 
value to the functional 






»^n)4>(Si).^.(l>{a,)dai..-da^. 


Lichtenstein proved similarly the existence of an eigenvalue 
and of a solution of the non-linear integral equation 


m) 


00 

-2f»- 

n * 1 J 0 


(a)X(«. <) 


rir 


K{8,r)(l>(r)drl da, 


r-, 


Solutions of some non-linear integral equations ‘ Im-grossen ’ 
i.e. non-local solutions, have also been given by J. Leray^a^ 
J. Schauder 24 and L. Pomey 25. 

The present speaker 26 has considered infinite systems of 
non-linear integral equations of the type 


V. 


Un(a) — /iiWH” I * * * 00 } dt, 

^ 0 

(n =: - 00 ), 


and has developed methods for establishing the existence and 
uniqueness of the solution both in the restricted as well as 
unrestricted domains. The solution is determined by means of 
the successive approximations for each n>\: 

u^^\a) = /„(«) and for r>l 

««*’■*{«) =/.(«)+ [ W. •••} di. 

J 0 


It is proved first that the series ^ 



converges imiformly for all a and all r, and further that the 
double series 


□D ao 

I 1 

f m 0 n 1 
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converges uniformly. Thus it is shown that these approximations 
converge to a unique limit which is continuous and which 
satisfies the non-linear integral equation (V) for all n. With the 
help of this infinite system, the present speaker 27 has been 
able to solve various boundary-value problems for non-linear 
partial diflerential equations of the parabolic and hyperbolic 
types. Some cases of non-linear integral equations and integro- 
^fferential equations have also been investigated by Minal^hi 
Sundaram ^8, while working with the present speaker. 

Levi-Civita’s problem of the propagation of two dimensional 
surface waves of finite amplitude, Carloman’s problem of the 
theory of heat radiation, specially the problem of thermal 
equilibrium in the presence of radiation, the problems of heat 
conduction in deep seas and in crystals are solved by reducing 
them to non-linear integral equations. 

On the other hand, the regular two-dimensional variation 
problems, the inversion problem in the theory of functionals, the 
equilibrium figures of rotating fluids, the dynamics of incoherent 
gravitating media, the hydrodynamics of homogeneous frictionless 
fluids and a host of other problems 2® can only be treated with the 
help of non-linear integro-differential equations. 

7. Functions of infinitely many vabiablbs. 

The idea of passing from the finite to the infinite has always 
been extremely attractive and fruitful in mathematics. Its 
fundamental significance lies in the fact that through it we are 
led from algebra to analysis. Thus, to give but one instance, 
integration is nothing but the taking over of the conception of a 
sum from the domain of the finite to that of the infinite. 

Many attempts to realize this conception and to apply it 
were made long before the present century. Daniel Bernoilli 20 
treated in 1732-33 the oscillating string as the limiting case of a 
system of n oscillating particles. The principle of passing from 
the finite to the infinite was applied by Cauchy 21 for demonstrat- 
ing the existence of integrals of diflerential equations. But no 
one understood its deep significance better than Riemann,22 
as can be judged from his remarks on the integration of partial 
diflerential equations of hyperbolic type. 

For the further development of functional analysis, the 
introduction in 1880 of this principle into the theory of infinite 
determinants was of considerable significance. Up to this time 
some attempts were made to treat infinite systems of linear 
algebraic equations, but these attempts were not succeasful. 
Only when G. W. Hill 23, H. Poincar^ 24 and H. von Koch 25 
took over the question of infinite determinants and applied the 
principle of passing from the finite to the infinite, was it possible 
to buUd up a theory of solution of infinite systems of algebraic 
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equations whose theorems were completely analogous to those of 
n equations in n unknowns. 

Thus originated the idea of the function of an infinite number 
of variables. It is to Hilbert again that we owe the systematic 
development of the theory of such functions. As we have 
already pointed out in § 3, Hilbert solved the integral equation 
by reducing it to a system of n algebraic equations and then 
making a passage to the limit In this connection he 

introduced the function F(xi, 0:2, 0:3, . . . ) of an infinite number 
of variables, and developed an extensive theory of linear, 
bilinear and quadratic forms side by side with the theory of 
linear integral equations so. 

Hilbert did not confine himself only to the development 
of a theory of infinitely many variables, but he showed at the 
same time how the whole theory of solution and the theory of 
eigenvalues of integral equations can be deduced from it directly. 

The connecting link between the integral equations and the 
equations in an infinite number of unknowns is an infinite system 
of functions which are defined and continuous in the 

interval a < a < 6, and which satisfy the following conditions: — 
(1) the system is ortho-normal, i.e. for any m, n 


h 


da=zS„^ = 

W a 


{) if m:p^n, 
I if mssn; 


(2) the system is complete, that is to s^iy, for any pair of 
continuous functions u(s), v(s) the identit)" 


II. 




^ a 


ds = 



'u{s)(f)r(s)d8 


,6 

v{s)(l>^(s) ds 

a 


1 


is satisfied. 


Now consider the integral equation 

mb 

111 . 


K{s.t)<f.{t)dt=f{a). 


Writing 


»« = f <f>{s)i>n{s) da, /, = f /(«)^»(«) ds, 

J a •'a 

KM= f K{a,t)^„[t)dt, 

^ a 

n b ^b 

K(a, t)<f>„(a)<f>n{t) dadt = KJ,8)4>J8) da = K„ 

w « 



32 Proc. 28th I.S.C. : Part II : Presidential Addresses. (14) 


we get, on account of the completenees relation (II), 


IV. 


n * 1 


{i:(a,t)}*dt; 


X 

Is.'- 

n « 1 

X X 


{/(«)}* da. 


2 

Thus the equation (III) can be written as 


V. 


X 

^(«)+ 2 =/(»)• 


» » 1 


Further, for a continuous solution <f>(8) of (III), the sum of 
squares 


VI. 


go 


n s» 1 






is seen to be convergent. Again, on account of Schwarz/s 
inequality [Zu^v^}^ it follows from (IV) that the 

series ZKn(s)x„ is uniformly convergent in (a, 6). Hence 


4>(8)4,j8) da+ 2»* 




ns I 


kmkm = 


f{8)<t>j8)ds 


or 


VII. a:.+ 2 (TO = 1. 2, ...). 

n = l 

Thus we have the theorem that the Fourier coefficients x„ 
of every solution of the integral equation (III) give a solution of 
the system (VII) with convergent sum of squares. 

if f{8) as 0, that is to say, if the integral equation is homo- 
geneous, then /» = 0 for all n, so that satisfy the system of 
homogeneous equations 

X 

VIII. »„+ 2 = 0 (TO » 1.2 ). 

»= 1 

Conversely, if a?], 0 : 2 , ... is a system of solutions of (VII) 
such that Zx^^ is convergent, then it follows that the series 
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£Kn(s)x^ is uniformly conyergent, and therefore the function 

n 

ifi{a) ss f{8)-^ZK^(8)Xn is continuous. Then 


1*6 p* CO /•* 

J a *'o J a 


ds 


OP 

=/•- 2 


n*» 1 


This shows that x^ is the Fourier coefficient of <f>{8), so that from 
(II) we obtain 

f.h 


^ f 

2 dt, 

naxl J 


Thus we see that <f>{8) ^ f (8)^ SKJlj8)x^ is a solution of the 

n 

integral equation (III). 

Further, it is evident from (VI) that the Fourier coefficients 
of a continuous function all vanish only when the function itself 
identically vanishes. Thus, from a system of solutions of the 
homogeneous algebraic equations (VIII), we got solutions of the 
homogeneous integral equation. Also, a number of systems of 
solutions of the homogeneous algebraic equations is linearly 
indeiHuident only when corresponding solutions of the homo- 
geneous integral equation are linearly independent. Finally 
we see that the transposed integral equation 

>li{a)+ r K{t, 8)4>{t) dt = g(8) 


corresponds to the system of algebraic equations 



n«l 


(w = 1, 2, • ••). 


Thus the complete equivalence of the solution theory of 
linear integral equation (III) and that of the system of linear 
algebraic equations (VII) is established. 

In 1914 Lichtenstein made his well-known application 
of Hilbert’s theory of infinite bilinear and quadratic forms. He 
developed a method of dealing with the boundary- value problems 
by reducing them directly to equations in an infinite number of 
unknowns without leducing them first to integral equations. 
In subsequent years this became a very powerful method for 
the treatment of such questions for ordinary and partial differen- 
tial equations. 

3 
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Hilbert and bis pupils Hellinger 38, Toeplitz 38 and others 
considered in detail the ‘ Vollstetig * and bounded bilinear and 
quadratic form in an infinite number of variables, and developed 
in this connection a theory of infinite matrices and of principal- 
axes transformations. It was this last theory which supplied 
the mathematical foundations of modem, quantum mecha- 
nics An elaborate geometry of the Hilbertian space has also 
been developed Among its many applications we may 
mention the generalized absolute differential calculus which 
includes Ricci’s calculus as a particular case. 

8. The theoby of functionals. 

We have seen that both from the side of mathematics and 
from that of natural philosophy we are compelled to introduce 
the idea of functions of incite number of variables. If we 
consider a natural phenomenon as the effect of a finite number 
of causes, we are making only an abstraction because we are 
neglecting elements which are supposed to be very small compared 
to others which are taken to ba preponderant. In this way 
we make only an approximative study of the phenomenon for 
a full and complete examination of which it would be necessary 
to pass from a finite to an infinite number of variables. Thus, 
to take a general example, if a phenomenon depends on a physical 
field, and if the field, regarded as a continuum, is varied, then 
the changes of the phenomenon would depend on an infinite 
number of variables. Similarly, we have already remarked 
that in phenomena where heredity and memory of the past 
play a big role, it is essential to employ functions of infinitely 
many variables. 

Let us consider an old problem of isopei*imetry, viz. that 
of finding a plane curve of given length which encloses the 
greatest possible area. The area here is evidently a function 
of the enclosing curve, and since the curve can be represented 
as an ordinary function, the area can be considered as a quantity 
which depends on all the values of a function. It is therefore a 
function of an infinite number of variables. A more general 
example is provided by the integral 

which depends on all the values of the function y in the interval 
(a, h). 

Thus the definite integral and the calculus of variations 
present the first two instances of the idea of a functional. But 
the credit of recognizing the individuality and the importance of 
this new conception in mathematics goes to Pincherle*^, and 
above all to Volterra ^3. The functional calculus was created 

SB 
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in 1887 when Volterra published his researches under the title 
‘ functions dex)ending on other function He changed the name 
later to ‘functions of lines’, but the term ‘functional’ which is 
now generally accepted was proi>osed by Hadamard. Thanks 
to the profound researches of Volterra, Hadamard and a 
brilliant congregation of other workers, the functional analysis 
has developed extensively, and has penetrated deeply into the 
various branches of pure and applied mathematics. Everything 
concerning integral, integro-dlfferential, and functional equa- 
tions, investigations on functional spaces, the calculus of varia- 
tions in its broadest sense, questions involving effects of the 
hereditary type — all these (Afferent subjects have now been 
unified in one general theory of functionals. These different 
theories, viz. those of integral equations, calculus of variations, 
etc., then become only so many chapters in the theory of func- 
tionals. Moreover, the theory of functionals can bo applied 
to mechanics, mathematical physics, biology, statistics and 
sociology. 

Investigations on the theory of functionals can be divided 
into two main groups which are called ‘ functional algebra ’ 
and ‘functional analysis’. The first consists of problems 
where the unknowns are ordinary functions, but which become 
a part of the functional calculus on account of the methods 
which arc employed to solve them. To this category belong 
the theories of integral and of integro-differontial equations. 
The second group, viz. that of functional analysis, consists of 
those problems in which the imknowns are functionals, or 
more generally of those problems which cannot be conceived 
independently of the notion of a fimctional. 

It seems desirable to give a brief resume of the precise 
meaning of the functional, and also of the fundamental notions 
of the calculus. 

For the sake of definiteness, we consider the function 
x{t) of a single variable t taken m the mtt^rval (a, h). The 
fimctional dependnig on the argument-function x{t) is represented 
by the notation Ulx{t)] or simply by U[x]. In general the 
functional depending on the three argument-functions a'(^), 
t/(<), 2 (<), and on two parameters A, fi will be represented by 
U[x, y, z; X, fi]. As we have mmarked the functional analysis 
appears as a natural generalization of the theory of ordinary 
functions, and can be deduced from the former by the method 
of proceeding to the limit. Thus, if we divide (a, b) into n 
equal parts, and if we represent the function x{t) asymptotically 
by a function XJf) which is constant in each of these intervals 

such that the constant value of X„(t) in the interval 

is denoted by x^^ then the functional ?7[ir] would be reduced for 
to a fiinction x^r'', ^n) of n variables. Hence the 
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functional in such cases can be defined as the limit of the function 
^ wfien w ->oo. Even if this procedure does not 
always provide a rigorous demonstration, it constitutes a remark- 
able method of induction for obtaining fundamental results of 
the functional analysis. . Volterra calls this method * the method 
of passing from discontinuous to continuous 

Generalizing the idea of representing a function of n variables 
by a point in an ideal space of n dimensions, each function x{t) 
is represented by a point [x\ in a space of infinite dimensions, 
which is called ‘functional space*. A functional of x{t) will 
then become a function of the point [a:]. The notions of the 
bound, limit and continuity of a function can then be generalized 
to give analogous notions for a functional. There would be, of 
course, several definitions possible according to the definition 
which we adopt for the distance between two points [x] and [y] 
of functional space, representing the two functions x(t) and y(t). 
This distance is commonly defeed as the number r, positive or 
zero, given by 



The functional field in this case will consist of those functions 
whose square is summable. Other definitions of distance will 
give rise to other functional fields. 

Fischer and Riesz^s have studied the geometry of 
this functional space, and have shown that it is remarkably 
similar to the geometry of n-dimensional space. Thus, consider 
an infinite system {a;„(<)} of ortho-normal functions, and an 

CO 

infinite sequence { } of coefficients such that the sum ^ 

* 1 

is finite. Fischer and Riesz have shown that the series 

II. CiXi(t) + C 2 X 2 (t) + . • . + c„x„(t) H 

converges in the mean to a function x(() such that 

III. r X^(t) dt =: • • • 


Conversely, if a function a:(^) can be represented by a series of 
the type (II) which converges in the mean, then the coefficients 
are given by the formula 


= f (x:{t)xM 

J a 


The x^{t) can therefoie be considered as unit vectors in a rectan- 
gular co-ordhiate system in functional space. Then x{t) would 



37 


(19) Section i, Mathematics ds Statistics. 


be the vector from the origin a:(t)sO to the point [a?] repiesenting 


x(t), whose length I would be given by 




The 


Fourier coefficient c„ would bo the component (length of projec- 
tion) of x(t) in the direction of the unit vector x„(t)* The relation 
(III) would then be only the expression of the Pythagorian 
Theorem 


00 , 

I* - 2 c.». 

1 

9. Diffbbbkt branches of the functional analysis. 

Functional analysis has been studied and developed along 
various lines corresponding to thost) of the theory of ordinary 
functions. 

A functional C7[a;] depends on the argument-function 
x(t) which can be taken to define a line. If one point of the 
line is altered, we get what is called a ‘derivative’ of the func- 
tional. Supposing such modifications of a line made at all its 
points we obtain a ‘ difiPerential’ or ‘variation* of the func- 
tional. We can then pursue the study of successive differentials, 
and then arrive at an analytic development analogous to that 
of Taylor. Then wo can try to find the maxima and minima 
of a functional. This will necessitate an investigation of the 
conditions under which the differential of a functional would 
vanish . Tlioso investigations are very much difficult and compli- 
cated, and much work remains to be done in this respect. 

If we consider the various terms in the Taylor exjjansion 
of a functional, we are led to analytic forms in an infinite number 
of variables, thus giving rise to a new algebra closely connected 
with the ordinary algebra. In the first place each chapter of 
the ordinary algebra leads to a corresponding problem obtained 
by Volterra’s principle of passing from discontinuous to conti- 
nuous. At the same time this correlation offers us in the majority 
of cases practical and easy solutions, because these new problems 
can be considered as limiting cases of the problems of ordinary 
algebra. Very often the solutions are only limits of the known 
algebraic solutions. A well-known instance of this is provided 
by the general theory of an infinite system of linear equations. 

The theories of functions of several variables and of multiple 
integrals have also been generalized to give coriesponding 
theories in functional analysis. A theory of functional deriva- 
tive equation has been built up by Hadamard and Levy 
to correspond to the theory of differential equations. The 
functional derivative equations consist of relations between the 
functional derivatives of a functional, the functional itself and 
the independent variables. These equations can also be obtained 
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by the usual process of passing from the finite to the infinite, 
from ordinary total differential equations, and from partial 
differential equations. 

10. Applications op the thboby of functionals. 

The first application of the functional analysis was made to 
the calculus of variations with the help of Volterra’s extension 
of the Hamilton- Jacobi theory. We know that this theory 
plays an important role in the integration of the equations of 
mechanics. It has its origin in the fact that the differential 
equations of mechanics are nothing but the Euler equations 
of an Extremum problem concerning the action integral. It is 
well known that many other problems of mathematical physics 
can be reduced to problems of the calculus of variations. In 
the development of the science of Physics, there has often been 
a tendency to reduce natural problems to the question of finding 
a minimum. This has been due to the conviction that Nature, 
in its manifestations, tends to accomplish various phenomena at 
the lowest possible expenses. The problems of mathematical 
physics thus depend on the extremum of a multiple integral, 
making it necessary to consider the integral as a functional of 
the field of integration. It would then be impossible to obtain 
a generalization of the Hamilton-Jacobi theory without the aid 
of the functional analysis. 

Volterra has insisted on this point from the very begin- 
ning of his researches. He has pointed out, for instance, that 
Hamilton’s principle can be developed in two different directions : 
the so-called principle of stationary action and the principle of 
variable action. It is the latter that requires the theory of 
functionals. In it, the action is considered as a function of the 
final values of the integrals and of the time, so that for a conti- 
nuous system with an infinite number of degrees of freedom the 
action becomes a function of an infinite number of variables, 
and therefore a functional. ‘It follows that the extension of 
the principle of variable action to the cases of electricity, magne- 
tism, elasticity and so on, and in general to the classical questions 
of mathematical physics, leads to a corresponding series of 
principles which cannot bo enimciated without the terminology 
of functionals, and which find their development within the sphere 
of the theory of functionals’. 

Shortly after the appearance of Volterra ’s first researches, 
Hadamard Tonolli and others applied these conceptions to 
obtain direct and rigorous methods for treating questions of the 
calculus of variations. These questions consisted mainly of the 
following three successive steps: 

(1) To obtain the equations which express the vanishing 
of the first variation, lliese are the well-known equations of 
Euler. 
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(2) To determine the lines or surfaces which verify Euler’s 
equations and which satisfy the boundary conditions of the 
problem, or at least, to establish the existence of such lines and 
surfaces. 

(3) To investigate whether these lines or surfaces really give 
a maximum or a minimum. 

Now in the classical method of the calculus of variations 
it was always easy to write down Euler’s equation, but the 
other two questions, and specially the third, presented great, 
almost insurmountable difficulties. Functional analysis has 
made the direct investigation of these questions quite easy, and 
has thus given new life to the calculus of variations. 

These investigations have contributed greatly to bring 
about a unification of the whole structure of mathematical 
physics. Moreover, the new method gives us a ready criterion 
for examining whether the various expressions for natural laws 
are in an invariant form agreeing with modern relativistic con- 
ceptions. The employment of a variational form for the expres- 
sion of a physical law makes the change of variables easier, so that 
we can conveniently investigate the invariance of our equations 
for a change of the frame of reference. The direct method is 
often employed in the modem theories of physics as an instance 
of which can be mentioned the quantum-electrodynamics 
proposed by Heisenberg and Pauli ^2. 

Another field for an application of the functional analysis 
is provided by the celebrated principle of Dirichlet, and sinffiar 
existence theorems. This principle postulates the existence of 
a function continuous along with its derivatives in a domain 
D with the boundary S, taking given values on 8 and making 
the integral 



a minimum. 

The corresponding Euler equation is Laplace’s equation of 
the potential theory, viz. the equation 

dx^ dy^ 

We have thus to find a continuous solution of this equation 
which takes given values on 8. This is called Dirichlet ’s prob- 
lem. Similar remarks can be made for the solutions of boundaiy- 
value and eigenvalue problems of linear partial differential 
equations of elliptic type. 

Gauss and Biemann believed that the existence of the 
function ^(a:, y) was assured because the integral I was always 
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positive. Weierstrass raised an objection to this assumption, 
and gave simple examples of minimum problems which had no 
solution. This method of proof was then abandoned and efifons 
were concentrated on solving Dirichlet’s problem, i.e., on finding 
a solution of the differential equation for the given boundary 
conditions. Various methods, viz. those of Neumann 
Schwarz Poincar6 ^6 and Fredholm were developed to solve 
the problem, but these had no connection with the calculus of 
variations. 

Then, inspired directly by the theory of functionals Arzela 
tried to go back to Dirichlet’s principle, and attempted to 
give a rigorous proof of the existence of the minimum under 
certain conditions. It was Hilbert who, in the year 1900, 
furnished such a rigorous and complete demonstration of Dirich - 
let’s principle, and obtained a definite result with the help of the 
theory of functionals. The work has been subsequently con- 
tinued by Levi, Fubini, Lebesgue, Zaremba and various other 
writers 5®. 

The idea of treating the integral and integro-differential 
equations as chapters in the theory of functionals was already 
mooted out by Volterra in 1913. Subsequent developments 
have revealed the close connection between these two subjects. 
The general methods employed today for treating the integral 
equations in all their generality are effectively the same as 
those which have served for making a passage from ordinary 
functions to functionals. In both cases, the basic concept is a 
systematic and uniform application of the principle of passing 
from discontinuous to continuous. The powerful theories of 
integral and integro-differential equations, with all their appli- 
cations to geometry, analysis, mechanics and mathematical 
physics, are thus found to be only branches of the still more 
powerful theory of functionals. 

The method of functionals and particularly of integral 
equations has been applied by Proudman®^ Matteuzzi®® and 
others to the study of the oscillations or tides of lakes. This 
phenomenon was &st observed in the lake of Geneva, where, 
owing to its elongated form, the changes of level sometimes 
reach a couple of meters. Extending a method used by Lagrange 
for the theory of the vibiations of strings, Proudman divides the 
lake into an infinite number of narrow strips, and studies their 
vibrations, making use of infinite determinants. Matteuzzi, 
however, applies the general theory of integral equations, and 
obtains all the results directly. The same method has been 
applied by Poincare ®® and others to the study of the problem 
of oceanic tides. 

In 1914 Volterra®^ suggested that functional analysis 
should bo applied to the study of continuous systems, and es- 
pecially those consisting of swarms of corpuscles not connected 
by links that can be expressed by means of differential relations. 
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G. C. Moisil carried out this suggestion. He attached a set 
of functions which can be considered as co-ordinates, to each 
configuration of a continuous and variable system. Choosing 
a suitable metric for the functional space, and applying the 
tensor calculus, ho arrived at diJBferential equations analogous 
to Lagrange’s equations in classical mechanics. The theory 
has a practical application in the study of the movement of 
a flexible and inextensible wire. 

Volterra and his co-workers have made an extensive use 
of functionals in the theories of elasticity and of hereditary 
phenomena in elasticity, electro-magnetism and mechanics. 
The theory of functionals has recently been applied to ballistics,®^ 
political economy,®® statistics®® and to a biologico-mathe- 
matical theory of the fluctuations of species living together 

11. The general analysis of Frechet and Moore. 

We have seen that the independent variable of the functional 
analysis is not numerical, as in the ordinary theory of functions, 
but a line, a surface or a function. From 1904 onwards 
Frechet and Moore began generalizing the analysis by 
discarding the concrete variables and considering those of any 
nature whatever. They proposed to extend the infinitesimal 
calculus to the case in which the natme of the variables is not 
specified. Not only was the numerical variable generalized, 
but the numerical fonction was replaced by a function of an 
arbitrary nature. Thus Frechet and Moore studied the relations 
between two elements of an abstract type. This subject is 
called ‘general analysis’ and has developed a great deal in 
recent years. This new analysis proceeds by making an abs- 
traction of all those concepts which are common to several 
known and allied theories. These theories are then generalized 
by removing from them any particular properties that are 
related to the concrete elements on which they are based. A 
familiar example of this passing from the concrete to the abstract 
is provided by the concept of a vector which is the generaliza- 
tion of the conciete notions of velocity, accelleration, force, 
momentum, etc. 

General analysis is not concerned with special cases of 
classical mathematics. Thus it does not deal either with 
functions continuous in an interval as is done by the theory of 
integral equations, or with the points of a n-dimensional space 
as is done by the algebraic theory of systems of n-linear equations, 
or with points in Hilbert space as is done by the theory of 
functions of an infinite number of variables, but with elements 
of an abstract aggregate. Its theorems contain those of integral 
equations as well as of finite and infinite systems of algebraic 
equations. 
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General analysis has not only given us several new subjects 
such as the theory of dimensions and topology, but it has also 
brought about a unification of various results in the dassical 
theories. Thus the theory of integral equations becomes a 
particular case of the theory of transformations in abstract 
spaces and their inversions. 

12. The thboby of functional opbeators. 

With the introduction of the idea of abstract spaces in 
analysis, we can easily pass over from the special theory of 
functionals to the general theory of operators. 

The term ‘functional operation' signifies any operation 
carried out not on numbers, but on functions. 

Let El and JS 2 be two spaces formed of any elements what- 
ever, provided only that the associative law of addition and the 
zero element are supposed to be defined in them. Let y ^ TJ{x)he 
a function (operation, transformation) which connects an element 
y of J ^2 every element x of Ei. The functional is only a 
particular case of the operator V when E^ is the space of real 
numbers. 

If for any two elements .Tj, x^ of Ei^ the relation 
U(Xi + X^ *= V{Xi)+V(X2) 

is satisfied, the operator V(x) is said to be ‘additive*. If, 
further, Ei and i ^2 metric spaces, i.e. if in each of them the 
distance between two elements is defined, the operator U(x) 
is called ‘continuous*. An operator which is additive and 
continuous is called ‘linear*. Familiar instances of operations 
are those of differentiation and definite integration considered 
by Leibnitz ^8 and later by Lagrange and others Similarly, 
the ordinary complex numbers can be interpreted geometri- 
cally as transformations of a coplanar set of vectors, and are 
thus linear operators. So also, the quaternions as defined by 
Hamilton, are operators on three-dimensional vectors. These 
can be generalized further to w-dimensional operators. 

A symbolic form of the operator calculus was developed 
and used by Heaviside in connection with his researches in 
electro-dynamics. Giorgi^? and others applied Heaviside’s 
methods to the solution of numerous problems in mathematical 
physics, and to the integration of differential equations. 

But the principal development of the operator calculus, 
so far as concerns linear functional operations in the field of 
analytic functions, is due to the work of Pincherle 78. It was 
extended in various directions by Volterra^®, Calo®®, Bourlet®^ 
and a host of other workers 

The theory of operators has now become an essential part 
of many of the most important domains of mathematics. We 
have seen that the theory of integral equations and the calculus 
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of variations are contained as particular cases of the theory of 
functionals, and therefore of the general theory of operators. 
In this theory, we see the methods of classical mathematics 
blending harmoniously with those of modem mathematics. 
It gives us completely new interpretations of many results in 
the theory of sets or in topology. Thus, for example, BirkhofiF 
and Kellog have demonstrated that by means of the theory of 
operators the topological theorem on the invariant point can 
be translated to give the classical existence theorem for differen- 
tial equations. The operator theory brings about a certain 
unity in different branches of mathematics sufficiently remote 
from each other. For instance, the theorem on the continuation 
of an additive functional resolves simultaneously the general 
problem of measure as well as the problems of moments and of 
existence of the solution of a system of linear equations in an 
infinite number of unknowns. Thus a really profound insight 
into many important branches of mathematics such as the theory 
of functions, integral and integro-differential equations, calculus 
of variations, theory of sets, tojx)logy and theory of dimensions, 
is possible only with the help of fmictional operators. 

On the other hand, modern theories of physics make much 
use of the operator theory. Thus, apart from classical mechanics 
and electro-dynamics, the subject of quantum mechanics in 
its modern developments is based entirely on the theory of 
linear operators. This theory plays the same part in quantum 
mechanics as tensor analysis plays in the theory of relativity. 
Quite recently the quaternionic operators have been applied to 
relativistic quantum mechanics 

It is well kno\^Ti that many of the laws of quantum mechanics 
are not in a covariant form. For instance, the uncertainty 
relation is not invariant for transformations of the Lorentz 
group. The non-covariance of quantum mechanics is due to 
the fact that in it, as in the classical theory, time plays a parti- 
cular role, viz. that of the parameter. Tins is contrary to the 
relativistic idea that all the co-ordinates of space-time have the 
same status. For the mathematical description of physical 
phenomena, the world-point (o', y, z, ict) should be taken as 
parameter. The quaternions are admirably suited for this 
purpose. The application of quaternions has the advantage 
that it conserves the four-dimensional character of physical 
quantities all along the calculations. The g-numbers and the 
c-numbers of quantum mechanics thus become quaternions. 
The dynamical variables are therefore not simply Heisenberg’s 
matrices, but quaternionic matrices. 

The fundamental relations of quantum mechanics such as 
the Ritz combination principle, the quantum conditions, the 
equations of motion and Heisenberg’s uncertainty relations, can 
then be generalized in a quaternionic form in the same way as 
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Dirac's relativistic aquation is a generalization of Schrodin^r's 
wave equation. Dirac's equation itself can be obtained from 
the quatemionic mechanics with the help of the most general 
Lorentz transformation. The relativistic quantum mechanics 
thus becomes a mechanics of the quatemionic matrices. 

The theory of functional operators is playing an increasingly 
important role in the whole domain of mathematics and its 
applications. We can readily agree with Hadamard when he 
says that it ‘is one of the most powerful tools of reseaich in 
contemporary mathematics 
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{Delivered on Jan, 4, 1941) 

THE ROLE op applied PHYSICS IN INDUSTRY. 

I would like to present before you all, some particulars 
of the subjects wdth which I have b^n intimately associating 
myself during the last few years. I have bi^^n feeling for some 
time that time is now ripe to consider the important role whicih the 
scientists of our country have to take up in associating them- 
selves with the industrial development of our motherland. It 
would bo necessary for us to take into account and to realise 
that in the last fifty years applied physics has exerted a more 
powerful beneficial influence on the intellectual, economic and 
social life of the world than has ever been exerted in a comparable 
time by any other agency in history. Its main sub-divisions, 
such as applied heat, applied optii^s, applied acoustics, applied 
electricity and magnetism, and applied mechanics, illustrate 
its scope. Anything wo know about these subjects and what- 
ever uses are made of such agencies as light, heat, electricity 
or the different materials in their different states fall within 
its field and are the contributions of applied physicists to human 
welfare. 

Average citizen and man of the world have little compre- 
hension regarding applied physics, since all the different people 
whose life-work really happens to be applied physics do not 
call themselves by that name. There has b^n a very interesting 
trend in applied physics by which great branches of its specialised 
interests have been appropriated by special groups of applied 
physicists who call themselves engineers as soon as a systematic 
method for the application of its principles has been developed 
in special fields. Thus we have civil engineers, mechanical 
engineers, electrical engineers, automobile engineers, aeronautical 
engineers, communication engineers, mining and metallurgical 
engineers, illumination engineers, motion picture engineers, 
radio engineers, chemical engineers and diverse others whose 
activities are whoDy or largely concerned with the application 
of physics to practical ends. Considering ‘Civil Engineering’, 
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which is one of the oldest examples of applied physics, one finds 
that its field is based on the ^rength of materials, hydraulics 
and applied optics. Others like the radio engineering and 
motion picture engineering are based on discoveries within 
our lifetime. Turning our attention to metallurgical engineering, 
a very old practice, and the more recent chemical engineering 
involving important applications of the chemical science, it is 
easy to notice that the bulk operations are based on those 
applications which form the elements of mechanical engineering. 

Besides these applied physicists, who group themselves as 
engineers, one finds astronomers, meteorologists, opticians and 
optometrists and many similar groups, who deal with physical 
instruments and theories in their special fields of activities. 
Hence it would not be too much to state that the economic, 
social and intellectual influence of applied physics is based on 
the contributions to knowledge, to industry, and to the art of 
living which have all emanated from the diverse elements which 
are but manifestations evolved from the knowledge of physics. 
Furthermore, one is cognisant of the fact that new knowledge 
and applications are rendered available more rapidly than ever 
before. 

Let us try to explain our position a little more clearly 
and let us treat it under three different categories. Firstly, 
those industries which are based more upon ancient art which 
has been developed largely by practical experiences. In this 
category one finds such activities as the construction of buildings, 
highways, bridges, and dams; the production of metals, alloys 
and textile materials ; the use of natural resources, such as power 
from wind and water, coal and oil. In all these fields there is 
an art which has been handed down from antiquity and which 
has been more or less improved by invention and discovery 
of new materials and methods. In these fields there is noticed 
a tendency for misunderstanding and conflict of ideas betv^een 
the so-called practical workers on the one hand and the scientists 
on the other. The practical men have a great force of tradition 
behind them and the general public has a feeling of conservatism 
to oppose the introduction of new materials and new technique 
supplied by the scientists. The trend towards the scientific 
attitude is, however, unmistakable and is augmented partly 
by force of competition and examples, set up by more enter- 
prising members. The second category embraces those indus- 
tries which have been built upon more recent scientific discoveries. 
In this, one finds communications, air transportation, motion 
pictures with sound and colour accompaniments, illumination 
and the generation and diverse utilisations of electric power. 
It is noteworthy that since these industries have been created 
by research, the organisations, which are taking part in their 
introduction, would tend to become obsolete as soon as the 
research activities are allowed to diminish in vigour. The 
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third category includes those groups whose activities rest on 
the basis of other sciences, such as, chemistry, biology, etc. 
Here one finds the chemical industries, the industry of drugs 
and medicine which though not directly derived from physics 
but to which it is contributing an ever-increasing assistance 
through tools and measuring instruments, methods and inter- 
pretative concepts. In the field of medicine, the X-ray has 
been marvelously developed for diagnostic examination and for 
therapeutic treatment of certain glandular disorders and growths, 
notably cancer. In the most recent developments primarily 
for investigations of atomic nuclear structure there is a bye- 
product exciting new suggestions for medical application. 
X-rays at a million volt or more have been finding applications 
for treatment of deep-seated cancer. Neutrons produced in 
nuclear transformations have been found to produce effects 
different from X-rays or radium and suggest advantageous 
application in modern therapy. Artificially produced radio- 
active preparations offer interesting possibilities for treatment 
and open up avenues for a great variety of new physiological 
investigations on a number of lines, such as blood circulation, 
tissue building and disintegration and the function character- 
istics of various organs of human and animal bodies. In 
physical therapy the application of high frequency diathermy 
and bloodless surgery is but one example of the application of 
forces studied by applied physicists and applied by the medical 
practitioner. The application of heat agency in the discrimi- 
native destruction of germs and growths is one of the newest 
forms of physical therapy which operates on the different 
threshold principle based on resistance and temperature. Quito 
recently an improved technique is being developed which 
consists in raising the body temperature locally by means of 
electromagnetically produced high frequency currents mthin 
the body in the region to be treated while the rest of the body 
is kept within safe limit by special cooling. Finally, it is not 
an idle boast to state that all the measuring instruments beginning 
from the thermometers to the portable cardiographs and the 
multitude of other devices are but the gift of applied physicists 
to the science and practice of medicine. 

I shall now place before you some of the specific industries 
and would indicate how applied physics is instrumental in their 
develojpment and growth. In this selection I shall take up first 
* Building Industry’ and ‘Metal Industry’ as representatives 
of a class having age-old traditions behmd it. I shall next 
take up ‘Electrical Power Industry’ which has been effective 
in revolutionising all the modem industries, then ‘Refrigeration 
Industry’ which is the direct outcome of laboratory investiga- 
tions. From the modern industries I shall choose ‘Automobile 
Industry’ and ‘Aeronautics Industry’, the last being the youngest 
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of the lot and still in the adult stage requiring constant help 
fh)m researches in applied physios. 

Building Industby. 

Here one finds that all our structures built to date^ rest 
on earth and a fairly large part of the world's construction 
cost is in working the earth; yet through the centuries the 
very bottoms of our buildings have been designed on an empirical 
basis. It is only very recently that the investigations regarding 
soil mechanics have been undertaken. The first International 
Conference on Soil Mechanics and Foundation Engineering held 
at Harvard University in the summer of 1937 has disclosed a 
wealth of outlook and previous lack of understanding of some 
of the essential aspects of the subject. The problems arising 
under soil mechanics in connection with design of foundations, 
the stability of cuttings, though manifestly of the greatest 
concern to the civil engineers and contractors, have had to be 
treated empirically in the past owing to the absence of reliable 
scientific knowledge. For the most part, the formulae used 
for estimating the behaviour of soils have involved such drastic 
assumption as seriously to impair their validity for anything 
like general application, and it has not been difficult to prove 
by systematic experiments to demonstrate that such relations 
a;8 Coulomb’s Law, for instance, are, to say the least, unsatis- 
factory. The analytical approaches to soil mechanics suggested 
by Petterson, Terzaghi, Jurgenson and others appear to be far 
more promising than any of the old methods. The so-called 
bearing values of the major soil types embodying an accumulation 
of practical experience, obviously took no account of numerical 
factors influential in particular set of conditions and were 
uncertain to a degree and often demanded uneconomical factors 
of safety and expensive procedures of foundation design. The 
modern approach to this class of problem seeks rather to under- 
stand the mechanism by which settlement occurs, to take 
account of variations in the type, depth and thickness of the 
soils in adjoining localities and underlying strata, and to place 
the effects of weather and secular changes on a rational basis. 

At the present time an essential part of research on the 
subject is to obtain ‘settlement records', as they enable correla- 
tion with the theory to be made and the types of settlement 
to be classified. From the experimental work so far under- 
taken it has been found that there are three types of settlement 
depending on the nature of the substratum. In the case of 
sand, the movements do not continue for any appreciable time 
after the construction, whereas for clay, the settlement continues 
for a long time after construction approaching a horizontal 
asymptote. With plastic clays and materials of high organic con- 
tent a similar gradual settlement is noted, but here the asymptote 
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is inclined. The settlement of a building with clay a<s the most 
important substratum may be quite small at the end of the 
construction, yet the final or total settlement may be many 
times greater. The procedure adopted for settlement analysis 
consists of the following. Firstly, the cores of the various 
substrata are obtained with a well-boring kit and for large 
structures one has to take the cores up to a depth of 50 ft. 
The second step is to ascertain the consolidation characteristics 
of the samples so obtained by laboratory tests. The consolida- 
tion characteristics were first studied by Terzaghi with the help 
of the special instrument (levisod by him and called oedometer. 
In the instrument the sample of core material of definite thickness 
is placed in a brass cylinder between two porous stones which 
are in contact wdth water. The conditions of saturation and 
lateral restraint are thus simulated in the laboratory. Now, 
clay has an open microstructurc as has been found from X-ray 
studies, but the dimtmsions of pores are very small and the 
resistance to flow is correspondingly high. Under compression 
the clay as a w'hole can suffer volume decrease mainly by the 
esciape of some water from iis pores until an equilibrium density 
is eatablishcHl. Theoretically this would take infinite time 
bxit in the laboratory such a stage is attained in about two days. 
By gradual increase of pressure similar consolidation process 
takes place and a new equilibrium density is reached. A 
number of such data gives the relation betw'cen the density 
and effective i>ressure. This is technically denoted as the 
void ratio for the material in question. Thirdly, a mathematic^al 
analysis of the stresses set up in the substrata by the foundation 
load is carried out. The theoretical aspect is that of finding 
an expression for the vei*ti< al stress at any jwiiit in a semi- 
infinite clastic solid due to a loaxi on its surface. This has Ixxm 
worked out by Boussinesq as early as 1 885. In order to arrive 
at the rate of consolidation one has to take ac*count of the hydro- 
dynamic excess pressure ‘w’’ in the pore water causing a flow" 
at a distance ‘ 2 ’ from the surface of drainage after a time ‘T 
from that of the ai)plication of the load and also the coefficient 
of consolidation. The fundamental equation has a general 


nature as 


d^w ^ dw 


If the degree of consolidation 


is known from the data of compression at a time H' and the 
total compression where fx is the ratio between the tw'o afore- 
said quantities, one can solve the differential equation in the 


form ^ where '(P is the maximum drainage 

path. The relation between fi and N has been evaluated for 
a number of special cases by Terzaghi and Frohlich with the 
help of data secured with oedometer. Now, for any value of 
is known from the laboratory tests and ‘d’ from the 
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boring records; the time settlement curve for any part of building 
structure can be predetermined. It is, therefore, possible to 
design a foundation with a measure of certainty not possible 
with the older empirical methods. 

The paramount conclusions of the new work may be con- 
cisely stated as follows: — (1) The strains in a foundation which 
principally determine settlement and soil reaction extend at 
least to a depth equal to about twice the lesser horizontal 
dimension of the super-structure. (2) The depth of the founda- 
tion below the surface level has an important effect on the dis- 
tribution of strains in the soil below it. (3) The pile driving 
formulae are valueless for computing pile capacities in plastic 
soils owing to the fact that the side friction (which is the main 
support of the static support in such materials) is temporarily 
eliminated by water lubrication during driving. (4) The settle- 
ment in plastic materials and those containing organic con- 
stituents in some proportion is not uniform under uniform 
loading but tends to be greatest in the middle of the loaded area. 
(6) Compressibility of the soil materials depends on the initial 
arrangement, size and shape of the structure and grains as well 
as on the water content. For fine grained materials compression 
occurs very slowly and may take many years to complete owing 
to the water being retained in the pores. Its nature can bo 
understood from micro-structure examinations and suitable 
laboratory experiments on samples of materials in an undis- 
turbed state. (6) The shearing resistance of granular materials 
depends on the stresses in the contained water and their ability 
to escape from the structure. (7) The lateral pressures of 
granular materials are affected to an enormous degree by small 
motions of the retaining surface within the mass itself so that 
arching may entirely modify the pressure and its distribution. 
(8) The existence of rather deep-lying strata of compressible 
materials may have decisive effects on the surface structures 
specially, if there be means for the escape of water from them 
by pumping. 

The applications of these ideas have been tested in some of 
the structures designed and constructed within the last two 
years and it has been found to be very satisfactory. 

It is expected that structural engineers and designers of 
our land are conversant with this new outlook of their subject 
and a systematic and co-ordinated effort should be undertaken 
by the engineers and the applied physicists to determine the 
particulars for the type analysis of the underground soils. One 
could easily note that such analysis is of extreme importance 
in alluvial tracts where the soil characteristics are of varied 
nature and the calculations based on older concepts would lead 
to uneconomic procedures leading to uncertain results. The 
question of design of sub-base structures is getting more and 
more into prominence due to their need for cold storage, safe 
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deposit vaults and due to the urgent necessity created by the 
grave international situation for air raid shelters and one cannot 
overlook the need and urgency of these investigations as they 
form integral parts of the super-structures. 

I shall just touch on brick building which is an ancient 
art and preldstoric in. origin. The recent outlook on the subject 
would be interesting. Though the strength of bricks as derived 
from different types of clay and fired under different conditions 
has undergone considerable investigation, yet their surface 
resistivity is only being investigated quite recently. Hero the 
technique of surface reflection, photometry and X-ray analysis 
has disclosed the porous nature of the surface layers and their 
effective resisting capacity against weather conditions. The 
moisture crec^ping factors of the bricks, by absorption through 
porous materials as sand plasters, have been the subject of 
investigation in a few laboratories and have disclosed considerable 
variation depending on the nature of grain structure and their 
transformation during the firing stage. 

Metal Ikbustey. 

I shall now pr(^sent befort' you the aspe(!ts of another industry 
which ordinarily appears to have very little to expect from 
applied physics. I nu»an the ‘ Industry of Metals ’ . Historically, 
it is more than a. probability that the first mental industry was 
entirely one of applknl physics. If as many archaeologists and 
historians believe, gold was man’s first industrial metal, it was 
recognised by its colour, and its high specific gravity was used 
as a basis for its separation from the lighter rock-materials. 
The ‘panning’ operation is prehistoric in origin. It is, however, 
used prolifically even today, not only in the prospecting for 
gold but also for many other heavy minerals, for example, 
tungsten, uranium, coi)por, kad, thorium and a largo number 
of sulphide's. The operation is indeed basc^l on the application 
of Stokes’ law for the fall of sphere through a viscous medium. 
In its simplest form, the law states that under the action of 
gravity a sphere in a viscous medivun fairly quickly acquires a 
constant velocity which is greater in a given medium, larger the 
sphere and the greater the difference in density between the 
sphere and the medium. In ore concentration, the pieces of 
rock are not spheres and the modification due to the shape has 
to be taken into consideration and has been investigated in some 
of the mining and ore separation institutes. The development of 
ore concentration machines, such as classifiers, jigs, shaking 
and riffled concentration tables, all take into account the modi- 
fication of the above-mentioned law in its different modified 
forms. In the ‘ore flotation’ process, there is the application 
involving surface tension and adhesive phenomena. It is 
well known to mining profession that certain minerals, such as 
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sulphides, have greater adhesion for ^ bubbles or for oil than 
for water. Most gangue rock, like silica, shows more adhesion 
for water and still more for acidified water. A mixture of 
sulphide particles and gas bubbles and gangue particles in a 
solution may result in the bubbles attaching themselves tena- 
ciously to the sulphides until the average specific gravity of the 
ensemble is less than the solution and one gets the paradox— 
viz., that heavy minerals fioat. The preparation of froth, 
which helps to offer lai*ge surfaces for adhesion, has been the 
aim of these separators and various reagents for froth formation 
have been introduced from time to time. Quite recently thia 
question of surface adhesion and surface layers has engaged the 
attention of physicists and the nature of ore surfaces are being 
investigated with ore microscopes and electron diffraction to 
elucidate the aspects of surfaces. 

If one considers other ore concentration methods, one finds 
that they could be classified either as pneumatic, magnetic or 
electrostatic methods and all of them are essentially based on 
physical principles. 

Turning our attention to the smelting operations, one finds 
that chemistry and physics work simultaneously in many phases. 
The separation of the slag from the metal is a purely physical 
process but chemical changes continue to function up to and 
after ingot pouring. In the furnace itself, there is continual 
heat exchange. The flow of gases under different temperature 
and reaction conditions is really regulated by physical law-s. In 
the present practice of separation of flue dust from the blast 
furnace one finds an important application of applied physics. 
The magnitude of the operation would be realised from the fact 
that for each ton of pig iron, near about five tons of blast furnace 
gas have to be treated, containing flue dust which is eight to 
ten per cent of the weight of pig iron and the world production 
of pig iron for 1938 is more than 100 million tons. The device 
adopted for the purpose utilises first and second laws of motion 
as well as Stokes’ law. The gas from the top of the blast furnace 
is allowed to enter a big chamber from the top and the velocity 
of the incoming gas flow is much reduced. It no longer can 
carry the same amount of dust suspended in the stream to be 
mechanically carried along with it. Most of the flue dust is 
projected to the bottom of the chamber which, after due sintering, 
is recharged into the blast furnace. Quito recently, when the 
laws relating to the eddy currents in air and stream-line shapes 
wore being investigated for the design of zeppelin bodies, it 
attracted the attention of an American blast fornace designer 
and he utilised the principle by attaching a stationary stream- 
line shape in the path of the incoming high velocity blast furnace 
gas. The gas hits this stationary surface at a speed of about 
forty miles an hour and the shape is so designed that the speed 
is reduced to about four miles per hour and the eddy currents 
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are so far reduced that efficient separation of dust could be 
secured without any extra expenditure of energy. This new 
idea of stream-line has been utilised in the metallurgical opera- 
tion. Further purification of the gas is effected by proper 
washing, where high surface energy of water particles in drop 
form acts as dust catchers. For still further purification 
electrostatic precipitation process is utilised. This electrostatic 
precipitation process is weU known to applied physicists, as due 
to property of ions to act as nucleus for the attachment of 
fine materials whether in liquid or solid state. It is in principle 
the same as one finds in Wilson cloud chambers. The industrial 
use of this principle was first introduced by Sir Oliver Lodge 
and as a result, one finds the extensive application of the Lodge 
Cotterel process in the metallurgical industries to separate 
solid particles from smelter smoke either to make the smoke 
less objectionable^ or to recover the valuable flue dusts or both. 

In the foundry, most of the operations are based on physical 
principles. One finds the temperature conditions suitable 
for casting operations, the nature of tht^ fluid heads, the proper- 
ties of surface wetting, the viscosity of the molten materials 
and the frictional flow of the hot liquids. All the above- 
mentioned factors are regulated by laws actually disco verod by 
applied physicists and have bc^en apjiroiiriated and have become 
intcigral part of the art of foundry. 

The theoretical understanding of the nature of metals 
necessitates a close examination of their structures as well as 
the lattice constants. From the industrial point of view, the 
system iron- carbon is the basis of materials with remarkable 
properties. It is further well known that pure iron luidergot^s 
modification with temperature, in four successive stages a, jS, y, 8, 
as its temperature is raised from cold to its melling point. 
In reality, these fall under two categories, namely, bcKly-contred 
and face-centrtxi cubic lattice, ami a, 8 belong to the first 
ty|ie and y belongs to the second. The /S modification is not 
due to a change in the striu^ture but indicates a change from 
the ferro-magnetic to the paramagm‘tic state. Now considering 
the alloys, peaiiite is a combination of soft ferrite and hard 
cementite. One finds that the mechanic*al properties of un- 
hardened steel could be attributed to this. Austenite^ is the 
solid solution of carbon atoms in iron and Martensite is the 
glass-hard constituent of steel formed by quenching. For 
a long time its character was a matter of difficulty to metal- 
lurgists and it has been recently noticed that this form is due to a 
composite alloy of a definite lattice form. The nature of 
‘prison-bar' steel in which the hard core, formed of chromium 
steel, happens to be surrounded by a sheath of mild steel, also 
indicates a peculiar structure formation due to heat-treatment. 
The mechanical properties of different structures formed by 
iron and carbon are now being correlated with the theoretical 
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ideas concermng the strength of materials. Theoretically 
the force requir^ to break a test piece of steel or any other 
material in tension should be thousands of times larger than 
what is observed in practice. In trying to explain this anomaly, 
one has to consider two types of materials, namely, the brittle 
and the ductile. In the case of brittle material, the failure 
is due to the fact that it never gives way simultaneously across 
the whole of its section as one has to assume in theory. In 
fact, the parting of the crystal starts at one place and proceeds 
across it since this stress is due to local intensification at the 
edge of the growing crack. Most probably a sub-microscopio 
crack in the material is the starting point from which this 
tearing process begins. In fact GriiBfith has shown the existence 
of ultra-microscopic cracks formed on the surface of vitreous 
silica when one touches it with the fingers; though the material 
when freshly prepared possesses very great strength if it is kept 
uncontaminated from external agencies. A ductile material, 
on the other hand, yields to stress. It is distorted as if the 
atomic planes are able to slide over each other like a pack of 
cards. This type of plastic flow is well known from the behaviour 
of a single crystal of a metal in the form of a rod which could 
be pulled out to several times its length by a very small force. 
In a general way one finds why metals in a state of purity are 
ductile whereas complex structures such as intermetallic com- 
pounds are in most cases brittle. Atoms of a metal are not 
held together by bonds and so long as they are in close packing, 
many configurations may be possible. A distortion equivalent 
to a glide plane may take place without any serious disturbance 
of any one of the atoms. On the other hand, in a compound 
having complex pattern a large amount of movement has to 
take place before any re-arrangement of the pattern is possible. 
The material will not yield as no intermediate stages can occur 
and it will rather break than yield. 

Now, considering the subject of other alloys, one finds by 
taking the metallic elements two by two, the possibility of 
building up a very large number of alloys. There is a striking 
difference between the structures produced by alloying two 
metals than those obtained by the combination of two elements. 
One could note that to form a chemical compound the products 
should be present in definite ratios whereas in a binary alloy, 
each phase constitutes an intermetallic structure extendi^ 
over a range of composition. When examined by means of 
X-rays, each of these intermetallic phases is found to have its 
atoms arranged in a definite manner, some may be of the body- 
centred cubic, others may belong to the face-centred cubic 
types. In the chromium-aluminium system which has recently 
been worked out by the X-rays method, phases are so numerous 
that eleven successive notations are required to designate 
them. 



( 11 ) 


Section //, Physics* 


59 


The extent of the phases can be determined by the consi- 
deration of the free-energy of the alloys as obtained by X-ray 
experiments. The free-energy has to be minimum for the 
system to be in equilibrium. 

-F = 

gives a relation between the free energy F, internal energy C7’, 
the temperature T, and the entropy (^, of the system. The 
limits of the various phases can be ascertained from a plot of the 
free-energy values of an intermetallic system against the com- 
position. Even in the case of ternary system, this method 
has been extended by Bradley and Taylor who determined the 
phase boundaries of the iron-nickel-aluminiiim and other similar 
systems. 

The question of phase patterns has been studied by Hume 
Bothery in considerable detail. His rule enunciates that in 
similar phase patterns, there is the same ratio of free electrons 
to atoms. As examples one could cite the case CuZn, a body- 
centred cubic structure, the ratio of electrons to atoms being 
3*2 or 1*5. In brass this ratio is 1*62; though this rule has 
been found on close examination not to hold invariably, one 
may state that it is true in majority of cases. In order to 
have a general survey of the whole field of alloys, regarding 
their stru<?ture and properties, X-ray examination of the structure 
combined with consideration of free energy would load to a 
better understanding of the nature of alloy-formation. Then, 
there is the question of the order and disorder change occurring 
in some of the alloys in the solid state when they are cooled 
from high to low temperature. X-ray^ analysis shows in the 
case of the alloy^s of copper and gold having CusAu as formula, 
the arrangement of the face-centred cubits lattice is a random 
one at high temperature, the position being occupied without 
any regularity by the gold atoms. On slow' cooling through a 
certain critical temperature, how'ever, it is found that the atoms 
of gold travel to the cube corners and copper atoms to the face- 
centres and an orderly arrangement is set up. The iron- 
aluminium alloy of the composition, Fes.Al, also exhibits this 
order and disorder change. One might conclude that since 
the ordering force can be destroyed by temperature, the forces 
are weak in alloys. Quite the reverse phenomenon has been 
observed in some alloy systems in which certain atoms pass 
out of the lattice with the fall of temperature and are disposed 
of by segregation. The ternary compound of iron-nickel- 
aluminium, FesNiAl, is found to be homogeneous at high 
temperature but when slowly cooled it is found to contain 
isolated clots or groups of iron atoms. This alloy has been 
extremely useful as the constituent material for powerful 
permanent magnets. 
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A very interesting application of the properties of Bolid 
solution between two metals, one of which is in a liquid condition 
and other in a solid state, is technically known as the process 
of ‘wetting’. The boundary layer, where such solution actually 
is formed, shows definite characteristics of an alloy formation. 
This process has been utilised in the manufacture of electric 
contacts when a tungsten disc is welded to a steel shank. An 
intermediary thin disc of copper is placed on the top of each 
steel shank, the tungsten disc being placed on the top of the 
copper. The ensemble is placed in a furnace with a hydrogen 
atmosphere until the copper melts. It is found that copper 
in a hydrogen atmosphere tends to wet both the tungsten and 
the steel. In fact under the temperature condition, namely, 
about 1100°C, an adherent of copper and steel is first form^ 
on which the tungsten disc appears to fioat. With a slight rise 
in temperature, nearly about 1250''C, the wetting action of 
tungsten and copper begins. At first the tungsten disc moves 
about on the surface of the molten copper in an irregular fashion. 
But as soon as the proc*ess of solid solution of the tungsten in 
copper starts, discs of tungsten align themselves so that they 
remain centrally on the top of the molten liquid. This formation 
of the solid solution along with the effect of the capillary forces 
is also utilised in the manufacture of the welding electrode 
materials technically known as Elkonite. Powdered tungsten 
is pressed into briquets and moderately heated but not sufficiently 
to close the pores. It is then placed in molten copper in a 
hydrogen atmosphere. Capillary forces cause the copper to 
fill the pores even above the level of liquid copper, and on cooling 
one can get the electrode elements sufficiently hard and durable. 

Another example of this type of alloy formation is found 
in the recent manufacture of cemented carbide tools for the 
machine tool industry. Tungsten carbide first obtained by 
Moissan is a very hard crystal. The crystal aggregations are 
porous in nature and brittle due to the existence of sub- 
microscopic cracks between them. Shrotter and Strauss tried to 
utilise this property of alloys and found that cobalt in a hydrogen 
atmosphere has the wetting property for the carbide. They 
compressed together powders of cobalt and tungsten carbide 
in a suitable mould and subjected them to moderate pressure. 
These were then put into an electric furnace with a reducing 
atmosphere and the temperature raised above the melting 
point of cobalt. They found that cobalt and tungsten carbide 
form a suitable matrix which retains the hardness quality of 
tungsten carbide intact. The material behaves more like 
diamond than like a metal. This has led also to the utilisation 
of the carbides of tantalum, titanum and molybdenum. These 
extremely hard crystals are soluble in each other in a wide 
variety of proportion at temperatures approaching their melt- 
ing points. Even at 2000®C, the wetting properties and the 
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solubility are quite high. The solid solution indicates properties 
different from those of constituent carbides. Tungsten carbide 
with 6% cobalt bond will easily scratch sapphire and inferior 
only to diamond in hardness. One can have an idea of its 
hardness from the fact that whereas high speed steel with 
18% tungsten contents has the Brinell number 800, that of 
the carbide with cobalt bond varies from 1400 to 2000. Its 
compressive strength is 500,000 Ib/sq. cm. It has negli^ble 
coefficient of expansion, practicaUy half of invar steel and it is 
practically non-raagnetic. Wide variety of application has 
been found for these carbides, namely, as substitute for diamond 
dies, for wire-drawing industry and for valves and valve seats 
of pumps. The only difficulty about the material happens to 
be that it is incapable of being machined and can be only worked 
with suitable grinding devices. 

NoWy I would like to present before you just another applica- 
tion of a technique, developed by applied physicist, opening up 
possibilities for a rapid quantitative determinations of the 
different ingredients of ferrous and non-ferrous alloys, I mean, 
spectroscopy. It is well known that as far back as early eighties 
of the last century Hartley first made a systematic study for 
the purpose. His work on beryllium and cerium indicated that 
when these elements are present in a matrix or body of other 
materials in small and decreasing quantities, its spectral lines 
gradually grow weaker and disappear in a definite order. Though 
Pollock and de Gramont demonstrated the utility of this tech- 
nique, it remained ignored and forgotten till recently. The 
first lead in the subject w'as from the >vorkers of the spectro- 
graphic laboratory of the National Bureau of Standards, IJ.S.A., 
in 1922, when Biums, Meggers, Kiess and Stimson show^ed that 
given proper attention, this mc^thod leads to fairly accurate 
results. W. Gerlach in Germany started a systematic investi- 
gation to enquire into the different factors necessary to get a 
correct interpretation of results. The present practice is based 
on his observations, namely, the adoption of an internal 
standard in the material to be investigated. A selected pair 
of lines, one from the major and the other from the minor 
constituent of the material in question at a definite ratio of the 
constituents, is selected. With the gradual diminution of the 
minor constituent the intensity of the line undergoes diminution 
in a definite fashion, and it is thus possible to arrive at a fair 
estimate of the percentage of the minor constituent. Further- 
more, he found that there are homologous pair of lines in the 
spectra which have equal intensity under definite percentage 
ratios of the two elements. Within the last six years more 
than hundred workers are engaged in the subject and fairly 
large amount of literature has now been secured. Not only has 
the technique been efficiently adopted in many of the large 
metalluigical establishments in America and Europe but also 
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its imx>ortanoe has been instrumental in its adoption by the 
different ammunition and ordnance factories. In the routine 
analysis of the different constituent, for example, of the admiralty 
brasses in England, it has been found that 0'0007% of bismuth 
could be accurately estimated taking copper lines as the internal 
standard lines. 


Electrical Power Indui^ry. 

I shall now consider ‘ Electrical Power Industry*, an industry, 
little more than half a century old and is the direct outcome 
of physical research. The activity of Michael Faraday may be 
described as being repeatedly and continuously manifest on a 
large scale, in most varied manners, giving demonstrations of 
his law of electromagnetic mduction. Magnetic fields in iron 
link electric current in coils, in generators, motors and solenoids 
in endless profusion, all over the world. The first electrical 
engineers were the ^ great applied physicists, — ^Kelvin, Weber 
and others. The common electrical units volt, ampere, ohm, 
henry, farad, watt with one exception, are named after the 
renowned applied physicists. 

I shall try to limit my subject by considering only the 
generation and distribution of power and exclude from it 
utilisation or conversion of electrical into other forms as light, 
heat, or electro-chemical processes. I shall treat, however, the 
field of communication which also transmits electrical power 
but at higher frequencies. In this restricted field I shall deal 
first with an aspect of physical investigation, which has come 
to the fore -front recently, viz., the ^Electric? Discharge in Gases’. 
One meets this phenomenon practically at every point starting 
from the generation and leading up to the final utilisation circuits, 
sometimes serving very useful purpose and some other times 
as a disturbing factor leading to the failure of electrical circuits. 
The extent of the subject can be realised from the consideration, 
viz., that the present practice of power generation begins with 
the direct production of alternating current from about 11,000 
to 33,000 volts. This voltage is then stepped up by transformers 
to a value suitable for transmission over short or long distances 
ranging from 22 to 287 kilovolts; this last value being used for 
transmission across a distance of 240 miles. For transmission 
system of intermediate high voltage, one finds it ranging from 
2-2 KV to 6-6 KV for local distributions. For domestic and 
industrial utilisation circuits the voltage would be from 110 to 
600 volts. 

Let us begin with the alternating current generator with its 
exciter provided with a commutator and brushes for the genera- 
tion of direct current to excite its field. Here one finds commu- 
tators depending for its proper functioning on the discharge 
between the brush and the receding commutator segment. 
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Further, one finds that the corona discharge in the minute air 
space between the insulated coil and the slots creating trouble- 
some factors for the generator design. Next is the power 
switch, which functions by means of an arc between separating 
electrodes. In the oil circuit breaker, one finds the formation 
of the arc in a gas bubble formed by the decomposition of the 
oil. One has to alter the shape and disposition of the bubbles 
so that a short arc may bo capable of performing its task of 
current interruption. 

Let us now consider the transformer. In the design of its 
components, one has to reckon its difl[erent members, viz., the 
coils, core, the bushings and everywhere one finds devices whereby 
the baneful effects of discharge may be safeguarded. 

In the transmission lines, as a serious disturbing factor one 
encounters the high voltage heavy current discharge-lightning. 
This has led to the provision of the lightning arrester, a device 
to produce protecting discharge to counteract the damaging 
effect of the lightning. Its spark-gap has to initiate the dis- 
charge and also to co-operate udth other elements of the arrester 
in terminating the discharge after the passage of the lightning. 
Here the major tool for studying such problems is the cathode 
ray tube and the guiding clement is the theory of ionisation 
in gases promulgated by the physicists. The modifications 
necessary in Townsend’s theory to meet the conditions of high 
pressure and high breakdown voltage have been worked out by 
physicists but it wm liogowski, who after detailed series of 
investigations, indi(*ated the need for the modifications. In the 
recent introduction of the 'protective tube’ ty{>e arrester the 
spark gap is so ingeniously designed that the discharge passes 
down a tube made of fibre. The heat of the disc'harge decomposes 
some of the fibre into gas which x>asses through the discharge 
at such pressure and velocity as to extinguish the pow'(T arc 
at the instant when the current reaches the zero value. The 
fiow of pow<T through the (conductor of the transmission lines 
is due to the magnetic and electric fields surrounding it. One 
has to avoid the formation of corona discharge from the con- 
ductors due to the overstressing of the air surrounding it. The 
nature of corona discharge has been the subject of study by 
applied physicists and engineers and still there remains a consi- 
derable amount of empiricism which could only be satisfactorily 
understood by their joint efforts. 

It will be pointed out in the next section how different 
types of dielectrics are being requisitioned to avoid the harmful 
effect of these discharges. In the low tension circuits, the power 
fuses have to be designed to suppress arc formation. In a 
recent type, hovic acid has been introduced to supply steam in 
small quantities sufficient to check the arc. 

Considering the conversion of A.C. power to D.C., one finds 
the introduction of an arc formation device through the mercury 
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vapour. The mercury arc rectifiers have been rapidly replacing 
the dynamic type of machinery for conversion purposes in 
railway, industrial and electro-chemical processes. Here, the 
cathode spot in the mercury pool is kept in an excited state 
by the maintenance of a ^scharge to it from an auxiliary 
electrode or other main electrodes. In the ‘ignitron’ type of 
mercury arc tube, which is now finding industrial application, 
one finds a stationary rod of high resistivity material dipping 
into the mercury pool. It has been possible to produce at the 
jimction, a concentration of electrical field and current fiow, 
similar to that which occurs at separating contacts, leading to 
the formation of the cathode spot of an arc. In this tube the 
stability is maintained by placing the anode directly in the path 
of the vapour stream coming from the cathode spot. Tanberg 
observed that the vapour coming from the cathode spot at low 
pressures has an extraordinarily high momentum and energy 
corresponding to more than hundred volts. Such high velocity 
stream formation, though at first doubted by some, has now 
been confirmed and one can now understand it as due to multiple 
ionisation of the atoms. 

Incidentally, one is led to consider the discharge phenomena 
in low pressure devices such as the ‘thyratrons’ and ‘grid glow 
tubes’. Here the heated thermionic cathode provides the 
available electrons when a proper potential difference is applied. 
Here the formation of the plasma suggested by Langmuir 
satisfactorily accounts for the development of the discharge. 
In the low pressure gas tubes, there is a curious limit to the 
magnitude of the current that can pass through it. This sets 
a Itoiting value to the current depending on the pressure. 
When this value is exceeded, a kind of instability sets in, due 
to which, the discharge is sharply interrupted and re-established 
repeatedly in an erratic fashion. This has also been accounted 
for as due to a high degree of ionisation in the gas and it has 
been suggested that the effect is due to pumping of a high 
vacuum by the motion of the positive ions. 

Let ,U8 next discuss in a general way some of these applica- 
tions in power systems and find the problems common to them. 
Looking from this aspect one finds the initiation of the useful 
discharge, then their proper termination and finally the preven- 
tion of restarting after the current has attained zero value. 

The initiation of discharge in switches and commutators 
takes place so simply and so spontaneously by the mere operation 
of separating contacts and the problem of terminating the 
discharge is frequently so difficult that one does not appreciate 
the useful function performed by it. If, however, one considers 
the fundamental aspect of Faraday’s law, one finds that the very 
existence of the power system depends upon it. Without this 
device sudden high voltage will develop if the current is actually 
reduced to zero value quickly at the moment of separation 
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of the contacts. This moment is to be synchronised with the 
instant of the zero current v^aluo of the alternating power so that 
the electrostatic capacity of the system can absorb energy and 
thus avoid the dangerous high voltage formation. In general 
however, the capacity is so small that a very close synchronising 
would be necessary. Here the discharge in the gas comes as 
a safeguard rendering the separation of contacts at the desirable 
condition, ofiFecting the safe interruption of the circuit at the 
following zero point of the current cycle. 

There have been attempts to interrupt the circuits by 
dispensing with the separating contacts as in the case of the 
brush on commutators where the area of contact between the 
brush and segment, beginning from a maximum, approaches 
zero continuously as the segment moves away from the brush. 
Here oven as theoretical treatment shows, there is the necessity 
for a close synchronisation with the course of the current and in 
practice, it is imperfect. A discharge is oporativ'e in the last 
conduction of current. It is thus manifest that in the case of 
all successful dark commutation, the final stop of the interruption 
of the current is performed by the glow effect, however feeble 
that'may be. 

The next problem, viz., that of prevention of the restarting 
of discharge after the current value has fallen to zero is accjom- 
plished by setting up conditions such that either the positive 
column or the cathode spot or glow cathode cannot re-form 
themselves. For high voltage switohtn ii, is the positive column 
that has to be suppressed. Various means are provided to 
compel the positive column to have such a small section at 
the stage when the current has fallen to the zero value that 
its temperature and degree of ionisation fall to too low values 
for its re-establishment. Hero one has to take into consideration 
the thermal ionisation theory of positive column worked out 
by K T. Compton. The solid barriers with restraining magnetic 
field in the ‘do-ion-grid’ circuit breakers, the motion of the 
cold oil under pressure in the ‘oil blast* breakers and the motion 
of cold air in ‘gas blast’ breakers, in the ‘expulsion’ typo fuses 
and in ‘gas blast switches’ are the developments introduced 
in the field of electrical engineering practice. 

In mercury arc rectifiers, ignitron, thyratron, grid glow tubes 
and low pressure gas discharge tubes, the absence of a cathode 
spot and insufficient voltage to maintain a glow cathode are gener- 
ally utilised to terminate the discharge upon reversal of polarity. 

The low gas pressure raises the voltage necessary to maintain 
the glow cathode, and so permits relatively high voltages to be 
handled. However, all these devices are subject to a type of 
failure. Occasionally and at random moments, in spite of the 
absence of conditions, which the present theory would regard 
as necessary, a cathode spot is formed at the moment of 
incorrect polarity and causes a short circuit in the device. The 
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statistical frequency of the occurrences of these ‘back fires ^ 
or ‘arc backs’ is such as to indicate that possibly molecular 
aggregates are involved which may be impurities on the cathode 
surfaces or particles in Brownian movement through the gas 
coming in contact with the anode. It is also found that 
frequency of occurrences of those ‘arc backs’ increases rapidly 
when thirty or forty kilovolts are exceeded, so that the problem 
of this type of tube for very high voltages remains still unsolved. 
This phenomenon is of great technical importance, for on its 
successful solution rests the high voltage direct current power 
transmission which is the subject-matter of frequent discussions. 

It is thus evident how ‘the electrical conduction in gases’ 
crops up at every point in an operating power system. 

I shall next treat how the investigations about the nature 
of dielectrics is of extreme importance in maintaining the power 
systems. The problem of insulation plays an important r61e in 
the development of electrical power industry. Consequently, 
there has been a continuous flow of researches in the field 
of dielectrics: — gaseous, Hquid and solid. Broadly speaking 
these researches are of two general types. The first is that of 
fundamental character and is carried out by applied physicists 
with a view to secure an insight into the mechanism which 
eventually may lead to an understandmg of the useful properties 
of dielectrics and their behaviour when used as insulators. 
These properties are dielectric constant, electric conductivity, 
breakdown strength, dielectric loss and power-factor. The 
term ‘dielectric behaviour’ usually refers to the variation of 
these properties with frequency, temperature, voltage and 
composition. The second type of research is that in which 
efforts are made by engineers to develop directly improved 
materials and methods of insulation under the conditions of 
normal service by utilising any new discovery or suggestion 
made through researches of the first type. 

I shall now present before you some of the recent funda- 
mental researches in the field of dielectrics, particularly those 
which have a bearing on the applitjation of dielectric properties 
to the problem of electrical insulation in power industry. 

From the standpoint of insulation, the ‘ breakdown strength’ 
of a dielectric is worthy of our first consideration. Persistent 
ofibrts particularly those using cathode ray oscillograph and 
other methods for following short time phenomenon have, 
however, resulted in a weU-devoloped theory which has been 
universally accepted to explain the mechanism resulting in the 
electric breakdown of gases. The basis of this theory is the 
Townsend picture of ionisation by collision for which important 
modifications, due principally to the part played by the positive 
ion in the final spark over, have bwn necessary. Rogowsky 
and Wallraff have examined the question whether the break- 
down over large gaps are due to local high stresses caused by 
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space charges or to ionic bombardment of the cathode. They 
hSgi,ve concluded that the beginning of breakdown must be 
attributed to the ionising action of the positive ions. W. F. 
Bowls has reported that the secondary ionising mechanism 
necessary for the increased production of electrons requisite 
to spark over is not due to positive ions in the gas, but to the 
liberation of new electrons, by the bombardment of the ^wsitive 
ions in the gas on the cathode. 

Theories of dielectric strength and breakdown of liquids 
take a wide range. The Schumann-Nikuradse theory of break- 
down ties in the current voltage characteristic in much the 
same manner as now acjcepted for gases, and accounts the 
failure as an internal collision ionisation phenomenon. Kopple- 
mann and Gemant invoke an eloctroile layer under high stress 
duo to spa<‘o charge acting on a layer of absorbed gas, thus 
(Tcaiing gas pock(^ts or filaments leading to gaseous ionisation 
and breakdown. Pure electric breakdown is apparently duo 
to elo(*tric collision-ionisation and is recognised only in the 
purest liquids. Thermal breakdown on the othfT hand, due to 
the liberation of gases by heating, in impure liquids, is also 
evident in many cases. 

The breakdown behaviour of commercial insulating oils is 
of special interest. It has been found that their electric strength 
increases with their degree of purity. 

Large amount of important work has appeared concerning 
breakdown in solids. In this connection, the conclusion of 
S. Whitehead, supported by Von Hipixd, is worthy of note. 
According to these authors, electric breakdown in solids is to 
be understood as an electron collision phenomenon originating 
through an excess number of elw^trons in the lattice. The 
frictional losses of these electrons are due to the oscillations 
which they excite by electrostatic influence in passing the ions 
of the lattice. This friction may bo expressed as a function 
of the electron energy. Beyond the maximum value of this 
func^tion, the frictional retarded motion of the electrons passes 
over into an accelerated movement do^vn the potential gi’adient. 
Electric breakdown thus occurs primarily through the setting 
up of electron collision ionisation channels. The directional 
breakdown noted in crystals is a result of the shape of the 
excitation function, which is dependent upon the direction of 
the path with reference to the lattice and also upon the high 
gradients that result from the accumulations of space charge. 

It has been found that the dielectric strength of solid 
insulators decreases markedly with increase of frequency. 

Researches have been conducted by several physicists to 
study the process leading from initial ionisation to self-supporting 
spark or arc discharge. These studies are of special interest 
because of their obvious bearing on the mechanism of various 
protective equipments used in power industry. 
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Incidentally, it may be mentioned here that the dielectric 
losses in oils in the low-frequency range, are commonly due 
to ionic conduction. As the frequency is raised through the 
radio range, dipolar losses begin to appear. The variation of 
power-factor or of dielectric constant with frequency is not 
sharp. This want of sharpness has been attributed to the 
presen(‘e of several constituents having different values of 
ionic mobilities and dipolar properties. 

The problem of 'stability’ in oils has engaged the attention 
of physicists for some time. They have divided the oils into 
two groups. In one group are oils of the transformer type 
which are used for submersion and in which the important 
properties are ctontinuod fluidity and dielectric strength. In 
the other group are the oils used as impregnants, as found 
principally in capacitors and high-voltage cables. In the field 
of transformer oils, the action of oils on metals has been 
investigated. It has been found that copper gives the largest 
quantity of sludge. A relation has been established between 
the percentage of aromatic constituents in the oil, the frequency 
of the applied voltage and the amount of sludge formed. It 
is suggested that to prevent corrosion by insulating oil, copper 
should be protected by a layer of another metal, tin and lead 
being found useful for this purpose. It is stated that acid is 
not a determining factor in corrosion and water has no un- 
favourable influence on the dielectric loss of transformer oils. 
Stability in impregnating oils has been a problem for years. 
Instability is the word used to describe the slow deterioration of 
high-voltage imi)regnated paper c‘ablcs. It has generally been 
assumed that the causes are to bo sought in the impregnating 
oil. It has been found further that oils having a large ratio 
of dielectric constant to density sho^v rapid deterioration under 
oxidation. Gaseous ionisation is known to bo an important 
deteriorating agent probably through changes in the oil due 
to ionic bombardment. It is not always possible, however, to 
account for gas pockets or bubbles in well-impregnated insulation. 

The impregnated paper power cable continues to receive 
intense study. The chief problems are the reduction in wall 
thickness through increased dielectric strength, permanoncje or 
stability as inherent in the properties of the basic materials 
and in the suppression of gaseous ionisation. 

G. B. Shanklin has found that there is considerable improve- 
ment of power factor of impregnated paper, treated with carbon 
dioxide during drying and impregnating process. Though 
lead is not an insulating material, the lead sheath is a vital 
element in preserving the inherent properties of cable insula- 
tion. Improvements of lead sheathing technique are progressing. 
Especially noteworthy are the vacuum press (Atkinson and 
McKnight) for limiting oxidation and gas inclusions during 
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leading, the hydrogen press (Shankling) for similar purposes 
and other measures for greater uniformity of the resulting metal. 

Physical structure and dielectric loss of impregnated paper, 
as related to the amount of contained air and under changes of 
voltage, temperature, frequency and pressure, are reported by 
P. Junius. The conclusions are, that the shape of the power- 
factor voltage curves at different temperatures changes very 
little in a dielectric containing large amounts of air. On the 
other hand, the shape of these curves varies noticeably in well- 
impregnated cable. In the latter case the change of power 
factor due to temperature change may be much steeper than 
that for a cable containing air. An increase of pressure by one 
atmosphere is sufficient to cause a flat loss-curve in a cable 
which contains much air. 

The pressure principle has also received extensive trial. 
The advantages of pressure on the dielectric are inen ased 
dielectric strength and the suppression of internal gas voids. 
The problem is therefore to ascertain the most reliable method 
of applying the pressure either by an outside gas or liquid 
medium or by hydrostatic pressure inside the cable and also 
the proper ranges of pressures for securing best results. It has 
been found that oil-filled cable for the higher ranges of voltage 
is very suitable. 

C. A. Grover discusses the feeding of oil to an oil-filled 
cable, with a detailed development of a method which pt^rmits 
a computation of pressure conditions resulting from temperatur(3 
variations through the cable and at the feeding points duo to 
load variations. The Callender Company has developed a 
single (conductor impregnated gas-pressure cable with lating 
of 200 KV. conductor cross-section, 420 sq. mm.; thickness 
of insulation 23*6 mm. A small space is left between the 
impregnated paper insulation and the lead sheath. This space 
is filled after assembly with dry nitrogen at 14 atmosjjhercs 
excess pressure, the lead sheath being heavily reinforced with 
copper tapes. 

The causes of instability and deterioration continue to 
occupy our cliicf attention. In recent years w’’e appear to have 
passed through a series of modifications in oiu* ideas of the 
principal causes of cable deterioration. We have noted as 
chief suspect in successive periods, high inherent powder-factor 
and loss, gaseous ionisation, wax-formation and oxidation. At 
the moment we appear to be leaving the oxidation period and 
reverting to that of gaseous ionisation thi’ough new methods 
for studying free gas spaces in the cable. 

Careful studies are reported of the stress at which gaseous 
ionisation begins and as related to different grades of paper. It 
is stated that both nitrogen and carbon dioxide are the best 
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Of outstanding interest during the past few years is the 
progress in the development of new insulating materials of both 
plastic and ceramic types. Especially noteworthy is the range 
of physical properties available in several new plastic materials. 

Conspicuous among the new plastics are the various poly- 
merised forms of monomeric styrol. Several investigations have 
been carried out on the applications of styrene. Of special 
interest is the control of the induction period of polymerisation 
and the rate at which the latter takes place. This has permitted 
the pre-impregnation of paper tape with the monomer with 
certain admixtures, preventing the sticking of the tape in rolls, 
polymerisation being effected after application, for example, 
in a cable joint. The possible use of styrene instead of oil 
as a saturant for high-voltage paper cable has been suggested. 

Improvements have also been made in the composition of 
artificial rubber which is found to possess a number of advantages 
over natural rubber. The vulcanised synthetic rubber is 
replacing natural rubber in high-voltage rubber-insulated 
conductors, in w^ater-proof insulated wiring and in many other 
cases. Thermoplastic synthetic rubber materials are replacing 
fibrous insulating materials in a number of services. 

Numerous classes of synthetic resins have also been 
developed. Since November 1934 about one thousand now trade 
names for resin offered as insulation have appeared. 

Many new^ ceramic materials have also appeared. New 
developmcTits in ceramic for insulation are confirmed principally 
to those for radio service. AU these materials have been 
introduced as insulators to meet the demand for low dielectric 
losses in the high-frequency range. 

I shall now relate to you just a few' items of interest in 
the field of communication. The rapid expansion of Wire and 
Radio Communication Systems after the close of the World War 
in 1918 has necessitated the development of various communica- 
tion industries utilising the results of fundamental researches. 
Limitation of space does not permit me to deal with more than 
a few of the researches which have been of wide application. 
In transmission of telegraph signals over circuit, the speed of 
signalling in bands or words per minute varies inversely as 
the product of total capacitance and total resistance of the 
circuit. The long (;able circuit, specially of submarine type, 
has large capacitance and large resistance and thereby the 
speed of signalling is reduced to 50 to 60 words per minute. 
The effect of this inherent capacitance could be overcome by 
increasing the circuit inductance, that is, by ‘loading’ the 
circ^uit. 

The case of transmission in message and broadcast pro- 
gramme telc^phony is more complicated since it involves a large 
frequency band (i.e. 100-4,000 c.p.s. for message and 31-10,000 
for broadcast programmes. It follows from theoretical consi- 
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derations that the product of circuit capacitance and resistance 
(C . R) must be equal to the product of circuit inductance and 
leakanoe (L . G) in order to have the transmission loss and the 
velocity of propagation same at all frequencies in the band 
thereby eliminating the frequency and phase distortions. In 
trunk cable circuits this can be roughly realised in practice by 
indu(;tance (L) either by insertion of loading coUs wound over 
magnetic material cores at intervals or by wrapping magnetic 
material tapes helically over the conductors. 

The requirements of a loading coil are (1) the permeability 
should be high and remain constant for all frequencies; (2) 
eddy current and hysteresis losses should be negligible for all 
frequencies in the band; (3) leakage or superimposed D.C. 
should not alter the working point on the magnetisation curve 
appreciably; (4) the ratio of resistance to inductance of the 
coil should be very small for all frequencies ; and (5) coil size 
should be as small as possible. For the continuous loading, the 
magnetic mat(^rial tape should bc^ very thin about 1 / 1 0 of a mm, 
and at the same time the increase of inductance should be 
adequate for the purposes, thus requiring a material which has 
a high permeability for currents of the order circulating in 
telephone circuits. At the same time the requirements (2), 
(3) and (4) mentioned above for loading coils must also be 
satisfied. 

Electrolytically deposited iron in the form of dust has 
served as core material of the loading coils till recent years, 
while 78-5-permalloy tape has replaced iron tape for continuous 
loading since about two decades. There has been still sufficient 
room for improvement in both. The audio transformer used in 
radio equipment or connected between transmission lino and 
programme repeater requires its response characteristic to be 
strictly uniform from 30 to 10,000 c.p.s. or even more. For 
chores and pole pieces in loudspeakers it is necessary to have 
high permeability in the range of flux densities between 10,000 
and 20,000 gausses. Use of iron dust in audio transformer and 
of stalloy in loudspeaker fails to give the desired performance. 

The study of the magnetic properties of certain alloys of 
iron, nickel and (cobalt has revolutionised the design of loading 
arrangement in telegraph and telephone transmission systems, 
of audio transformers and retardation coils in communication 
equipments and of cores and pole-pieces in loudspeakers. 

The properties of these alloys were discovered through 
exhaustive researc^hes in which all possible combination of three 
metals — -iron, nickel and cobalt — ^v^'ero explored. The factors 
which contribute to the properties of the alloy the purity of the 
elements used in the alloy, their preparation and the heat 
treatment. 

The permalloy series includes nickel-iron alloys containing 
30 to 95% of nickel. Remarkable variations in magnetic 
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properties with composition are revealed in this series of alloys. 
The initial and maximum permeabilities of 46-pennalloy under 
standard practice of heat-treatment are 2,700 and 23,000 
respectively. For cores requiring high permeability for flux 
densities between 10,000 and 16,000 gausses, this alloy is 
specially useful. The design of cores and pole-pieces for loud- 
speakers may be done with advantage with this alloy. In 
78-6-permalloy, quenching gives a higher maximum permeability 
than in any other permaUoy and initial and maximum per- 
meabilities of 10,000 and 106,000 respectively are developed. 
The hysteresis loss and the coercive force of quenched 78-6- 
permalloy are minimum. This alloy is suitable for continuous 
loading of telegraph and telephone cables. The negligible 
magnetic losses, non-alteration of magnetic properties with 
D.C., higher core permeability and material decrease in the 
size of loading coils have led to the use of improved 80-permalloy 
dust core in them. For audio transformers, both 3-8-78-6- 
permalloy and 3-8-80-Mo-permalloy have been used and unifonn 
response from 30 to 16,000 c.p.s. have been obtained. 

Perminvars are alloys of nickel, iron and cobalt. The 
constancy of permeability and extremely low hysteresis loss 
makes 46-26-pcrminvar the right material for applications where 
distortion and energy loss are detrimental to high grade trans- 
mission. Since the discovery of the properties of perminvars, 
they have been used for chokes, audio and carrier frequency 
transformers, filter elements, etc., in equipments designed for 
high grade transmission. It is specially suitable for continuous 
loading of long submarine cable circuits for voice-frequency or 
carrier frequency operation. 

Permendurs are alloys of iron and cobalt. The principal 
magnetic property of these alloys is high permeability in the 
range of flux densities between 10,000 and 26,000 gausses. 
Permendurs have been applied with success to the design of 
cores and pole-pieces in loudspeakers and certain special types 
of telephone receiver where their principal magnetic property 
has been utilised to the best advantage. 

One of the most recent advancements in communication art 
has been the wide band transmission on circuit between two 
stations to give as many as 240 or 320 high grade telephone 
(channels simultaneously by employing the frequency range 
•06-1*024 Mc./s. or 0-6-2-1 Mc./s. depending upon the number 
of (hannels. Such multi-channel carrier systems are worked 
on coaxial cables on four-wire principle. If one and the same 
coaxial cable is used, two coaxial circuits are provided therein, 
one of them for transmission of bands in one direction and 
another for transmsision of bands in the reverse direction. 
If two separate coaxial cables are used for two directions, then 
each cable consists of one coaxial circuit only. 
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The coaxial cable circuit is much more suitable medium 
than open-wire and ordinary cable circuits for transmission of 
higher frequencies as mentioned above. Among the various 
advantages like ease in construction and maintenance, lower 
cross-talk level, etc., may be mentioned the lower transmission 
loss of pronounced stability. Loss in a transmission circuit is 
made up of {a) conductor loss, (6) insulator loss, and (c) radiation 
loss. In coaxial cable circuit, the radiation loss is negligible 
since the unearthed central conductor is entirely surrounded by 
earthed concentric conductor, and insulator loss is considerably 
less and further much more stable. The other factors remaming 
constant, the reduction and stability of loss depend entirely 
upon the type of insulator used. 

When the system was first launched into the field, the 
coaxial cable had its central copper conductor supported at 
intervals of | inch by hard rubber discs. In recent years, 
improvement in reduction of insulator loss and obtaining higher 
stability has been realised by use of poly8tyi‘ol compounded 
with rubber or balata under trade name of ‘ Superst;^Tex \ 
Earliest reference to the electrical characteristicts of the solid 
polystjTol is contained in a patent by Matthews iti 1913 whore 
the inventor proposes to replace hard rubber, celluloid, vulcanite, 
ebonite, glass, wood by polystyrol or polystj^ol compounded 
with rubber. The International Telephone and Telegraph 
Laboratories, Ltd., subsequently took up the studies of polystyrol 
with particular regard to its application to the insulation of 
cables. From this study a number of patemts evolved dating 
from 1929 down to the present day dealing first with, combina- 
tions of polystyrol with rubber, balata, etc., of a thermoplastic 
nature suitable for extrusion but later with other processes and 
applications. 

The permittivity of polystyrol is low (2-2 to 2-6), and its 
insulation in^sistance under A.C. or D.C. voltages is very high 
even at high temperatures or under high humidity. The material 
retains its high giade insulating properties even after immersion 
in water and this fact has led to its use as submarine cable 
insulator replacing guttapercha. The inclusion of chemical 
impurities in the material during manufacture appreciably 
affects the conductance of the material to the extent that power- 
factor varies from *0001 to ’(KHK). While dielectric losses of 
this order may, from some points of view'', be neglected, there 
are other electrical insulation problems of the type involved 
here in which the increment of even small dielectric losses are 
of importance. 

Commercial utilisation till recent years has been hampered 
by the absence of supplies of monostyrol, the basic material, 
on a commercial scale. This is now available from chemical 
plants in several countries. 
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In addition to the application in coaxial cable referred to 
above, vddespread application of the material to condensers, 
moulded castings, etc., has already begun. Lacquers have been 
developed and there is a tendency to use polystyrol for all 
cases where the highest grade of insulation is in demand. 

The outstanding problem is that of employing a hard, 
glass-Uke material in situations where toughness, flexibility, etc., 
are required. This necessitates engineering work of a high order, 
firstly, to design the form of insulation of the cable, apparatus 
or machine in such a way that a variety of ‘ Superstyrex ’ may 
be manufactured to suit; secondly, to design a suitable variety 
of 'Superstyrex*. In the latter problem, little or no reliance 
can be placed on plasticisers. In general, plasticisers are 
considered as impurities particularly in applications involving 
*H.F. alternating fields. 

I would now turn to the most important branch of com- 
muni(!ation industries, namely, thermionic vacuum tube industry 
and consider some of the problems associated with the design 
and manufacture of modern receiving tubes. During the last 
fifteen years, the eiforts of tube manufactures all over the world 
have been concentrated to increasmg the performance* of receiving 
tubes by evolving several new types for sptn ial purx> 08 e 8 and by 
improving existing types by modifications in the mechanical 
design, improvement in electrodes and cathodes, better arrange- 
ment of insulating and spacing the electrodes and exhaustive 
studies on * gas properties ’ of electrode materials and on ‘ getter ’ 
materials Some new contrivances like ‘grid- winding machine’ 
have to be invented. A study of the causes and methods of 
reducing ‘noise’ has also received due attention. Develop- 
ments in radio receiver design are continually demanding new 
types of tube and modifications to existing ones. The manu- 
facturing plant must therefore be sufficiently flexible to allow 
changes to be made rapidly. 

A close control has to be made of the mechanical properties 
of materials used for components. The manufacturer is limited 
in his choice of metals for electrodes to only those which have 
high melting-points and low vapour pressures even at temper- 
atures as high as lOCXl-llOO'’ C, the temperature reached by 
the electrodes during pumping operation. Nickel is invariably 
employed as the plate material and for electrode support wires. 
It is not sufficiently rigid for the winding wires of grids for 
which alloys containing molybdenum or nickel-manganese 
alloys are used. Iron is sometimes used as plate material 
for screen-grid tubes in which the anode is in the form of two 
plates. 

The manufacture of ‘grids’, which a few years ago, was an 
extremely laborious process, is now carried out on special 
machines called ‘Grid-winding machines’ capable of winding 
as many as 200 to 1 ,0(K> grids per hour. The grids are woimd 
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in letigths of about 60 cm. and subsequently cut into the required 
lengths. By operation of a cam on the machine^ gap or gaps 
can be introduced in the winding of grids which are necessary 
for a variable-/x characteristic. It will be realised that uniform 
mechanical properties of the wire for winding grids (which are 
of course always slightly larger than the mandrels on which they 
are finally pressed or stretched) are very essential. Also the 
strain introduced during final shaping must be small, otherwise 
distortion will occur on heating. 

Equally important are the ‘gas properties’ of the electrode 
materials. The term ‘gas properties’ includes not only the 
amount of gas which may be included in the metal but also 
the capacity of the metal to re-adsorb gas on its surface. This 
last factor is in some cases much more important than the 
first. Investigations of the sources of gas in receiving tubes 
have revealed that (*arbon dioxide adsorbed by the electrodes 
during decomposition of the barium-strontium carbonates on the 
cathode is much more difficult to remove than the residual gas 
existing in the metal. The natun^ of the surface of the electrodes 
has an enormous effinit on this adsorption. 

For insulating and spacing the electrodes from one another, 
mi(‘a is gem^rally tmployed. It is decidedly suptTior to other 
possible materials as it is inechani(^ally strong even in very 
thin shec'ts, can be formed into flat plates of any desired shape 
with great accuracy and has just sufficient flexibility to allow 
th(^ ele(!trode support Mires 1o slide easily through holes without 
becoming jammed. For temperatures up to 500‘^C^, the best 
quality ruby clear mica has good insulating propiTties, is 
chemically stable and evolves little gas. Above this temperature, 
mica rapidly decomposes Mith the liberation of water vapour, 
one of the mo.st harmful gases in a tube and electrolyses. In 
tubes where still higher temperatures are reached, alumina, 
magnesia or steatite, pressed from poMxlered material to the 
required sha}>e and sintered at 1500^-1800' C, are employed. 

One of the most important features of the modern receiving 
tube is its highly efficient oxide-coated cathode. The various 
types of emitters that have at various times been used may be 
classed as follov^s : — {a) Clean-metal emitters ; (b) contaminated- 
metal emitters, and (c) oxide emitters. In early days, the 
desirable features in an emitter were only thermionic emission, 
mechanical strtmgth and long life. Emission efficiency w^as not 
considered a serious problem. All the early tubes wore of 
directly heated filament type. Tungsten suited their require- 
ments very well indexed ancl may be cited as an instance of clean- 
metal emitters. Later on, in order to improve the mechani(;al 
properties of the tungsten, thorium oxide was added to the 
tungstem oxide during the manufacture of the tungsten, about 
0*7% thoria being obtained in the final wire. Langmuir 
showed that thoriated tungsten had a considerably higher 
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thermionic emission than tungsten at the same temperature. 
Thorium obtained by reduction of the thorium oxide diffuses 
into the surface of the tungsten and at temperatures where 
bulk thorium could not exist, a mono-atomic layer adheres to 
the tungsten surface with the result that its work function is 
reduced. Thorium-on-tungsten is an instance of next class. 
The discovery that the work function of a metal was reduced 
when a layer of atoms of another electro-positive metal was 
present on its surface led to much work on caesium-oxygen-on- 
tungsten emitter. The more electro-positive the contaminating 
metal is, the more the work function is reduced. A still greater 
reduction in work function is obtained when the contaminating 
film consists first of a layer of electro-negative atoms such as 
oxygen and then a layer of electro-positive atoms. The most 
efScient form of such tjrpe of surface yet developed is caesium- 
on-oxygen-on-tungsten which is another instance of contami' 
nated-metal emitter. The demand for highly efficient cathodes 
which were inexpensive to operate directecl the attention of 
the manufacturers on the oxide emitters. As the emitter 
becomes more efficient, the degree of vacuum becomes in- 
creasingly important because of the ‘poisoning' effect of gas 
on the emitter. Hence a great deal of improvement in the 
high-vacuum technique had to be achieved. The oxide cathodes 
are generally produced in the evacuated bulb, and a largo 
quantity of gas has to be removed from the valve before any 
activation of the cathodes can be attempted. 

In indirectly heated types, the cathode is generally a hollow 
tube of circiular, oval or rectangular sec^tion which is heated by 
a filament inside the cathode and insulated from it. The core 
material is generally tungsten. Since the heater wiie normally 
works at several hundred degrees above that of the cathode 
surface, it is essential for the wire to have a high meJting-point. 
Another form of core now being used consists of molybdenum- 
tungsten alloy which has many advantages, since it retains the 
ductility associated with the molybdenum and yet has a melting- 
point well above that of molybdenum and a vapour pressure 
which is negligible below 1750® C. The insulating material 
consists of a refractory such as alumina which is sprayed on the 
heater. Magnesia has also been tried as an insulating coating 
but has been found unsatisfactory for several reasons. 

A ‘getter' is used for maintaining the vacuum in a tube 
after it has been sealed off. The alkaline earths, the alkali 
metals and magnesium are common getters. An alloy of 
barium and magnesium and barium are mostly used at the 
present moment. 

If the metal of which the getter is composed is relatively 
stable in air, it is welded to a metal disc and dispersed by ‘high 
frequency heating' of the disc. If the metal is an unstable one 
like barium, it is packed inside a closed container before welding. 
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The high vapour pressure generated on heating is suflScient to 
burst open the container and the metal is dispersed. For 
avoiding any deposits over the electrode bonding system, the 
getter dispersal is usually directed towards the bulb wall by 
suitable design of container. When very high inter-electrode 
insulations are desirable for special tubes, alkaline-earth oxide 
getter is preferred. This is sprayed on to a metal disc in the 
form of cathode coating and decomposed by high-frequency 
heating of the oxides. The oxides act as getters when cold. 
It will be noted that since the emitting (;athode itself is a mixture 
of alkaline-earth oxides, it will also adsorb gas in the active 
state. 

Refrigeration Industry. 

1 shall next take up ‘ Refrigeration Industry ’. Refrigeration 
was born in the laboratory. It remained for a long time confined 
within the laborator 3 ^ to bo used in various physical investiga- 
tions. The mechanism and the laws governing it, have been 
the subje(*t of studies for phy^sicists for more than a century. 
Even at present the production of low temperatures and the 
study of the properties of mat(Tials under extreme low tem- 
perature comlitions form the subject of research in special 
Cryogenic laboratories. 

The first industrial application was the production of ice. 
The first (nmmercial refrigerant was the ammonia gas which 
on compression liquefies and the quick evaporation of the liquid 
results in reduction of temperature, so that heat is abstracted 
from th(^ container sufficient to freeze the water in it. Physical 
investigations disclosoil a nuinlxT of other s\ibstances such as 
sulphur dioxide, ethyl chloride, etc., which could bo used as 
refrigerants. One now finds their industrial use all over the world . 

It is, however, well known that- the above-mentioned mechan- 
ism was not capable of being utiliscxl for obtaining sufficiently 
low temperatures. The search for new principles and new 
methods were being vigoroirsly pursued and this has led to the 
means of securing extremely low temperatures. I would like 
to bring before you, though they are well known, some of the 
basic id(*.as underlying these processes whoso proper under- 
standing has contributed to the immense growth of the industry. 
Lot us start from well-known properties of gas, namely, that if a 
gas is allowed to expand freely at high pressures, the molecules 
would separate and some work has to be done. It is the kinetic 
energy of the molecules which supi>lies the energy and accordingly 
one finds the lowering of temperature. This is evidently 
converted into potential energy represented by a change in the 
electro-magnetic stress in the molecules. The molecules are not 
only in constant motion but are in continual collision with one 
another and these collisions also result in electromagnetic 
stresses being set up. If it could be imagined that at a particular 
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instant of time all the molecules in a state of collision are 
stationary, one would certainly get the maximum electromagnetic 
stress and for that moment whole of the kinetic energy would 
be reduced to zero. The gas would be at the absolute zero of 
temperature. At the next instant a repulsion would be set up 
among the molecules and this would lead to a rise in the kinetic 
energy. Such exceptional conditions do not arise in practice 
and one finds an average condition. But this leads to an 
understanding of the fact that under certain conditions, a gas 
even on expansion has a tendency to get heated. So there 
are two effects in every gas — one leading to cooling depending 
on the degree of separation of molecules and another to heating 
depending on collisions and this would increase with temperature. 
One thus expects in all gases at a sufficiently liigh temperature 
the net effect of expansion to be a rise in temperature. At a 
certain temperature, namely, the inversion temperature, there 
is no change and below it a lowering in temperature on expansion. 
The full realisation of this phenomenon leads to the proper 
application of thc'^ mechanism to secure low temperature. 

Let us take the case of air for which the Joule-Thomson 
effect is by no means small. Thus at 0°0 aii* is cooled 0*29 
degree centigrade for a fall of pressm*e of one atmosphere, 
for a fall in pressure of 200 atmospheres the cooling effect is 
about 40° C. Roughly speaking if the molecules are about two 
diameters apart and are then separated so as to be ten diameters 
apart, they lose about 15% of their kinetic energy. It would 
appear therefore that to liquefy air which has a boiling 
point of about 194° C or 79° K, a fall in pressure of 1,000 atmos- 
pheres would be required. However, in practice, expansion to 
atmosphere pressure is rare, for while the cooling produced 
depends on the fall in pressure, the work done in compressing 
a gas is proportional approximately to the logarithm of the ratio 
of ah’ pressures. Again, liquefaction at ordhiary temperature is 
impossible, for the air must be below the so-called critical point, 
which for air is 132° K. This th(^refore means that some arrange- 
ment would be required for a preliminary lowering of tempera- 
ture. This device, known as ‘Cold regenerator’ or ‘Heat 
exchange’, was developed soon after the discovery of Joule- 
Thomson Effect. In general this consists of two series of closed 
tubes, through one of which the compressed gas proceeds on 
its way to the expansion nozzle, and through another, m close 
thermal contact with the first, the relatively cold expanded 
gas retuj’ns. In fact the realisation of the Joule-Thomson 
Effec t under proper conditions led Linde and Hampson to design 
and build machines for liquefaction of air for industrial purposes. 

There is yet another aspect of the same phenomenon. A 
compressed gas would get cooled when by expansion in an engine, 
it does external work. The bombardment of the rapidly 
moving molecules of gas on the piston constitutes the pressure 



(31) 


Section //, Physics, 


79 


and as the piston moves and does work, some of the kinetic 
energy of the molecules is transformed into external work. 
The gas on expansion would have lower temperature. The 
gas to be liquefied is compressed and cooled by water or air. 
Part of it then passes into an engine, does work by expan- 
sion and is thereby cooled. It then passes into a condenser 
to act as heat exchange mechanism to cool another part of the 
gas from the compressor below its critical temperature. To 
liquefy air, the compressed gas in the engine should be at a very 
low temperature at about 120'' C. This process has been 
commercially developed by ('laude. It is rather interesting to 
note that Kapitza adopted this method for the liquefaction of 
heUum. The mechanism w’as capable of reaching below 10® K. 

It would not be out of place here to present before you 
how other properties of material are being utilised for obtaining 
extremely low temperatures. By the expansion of a compressed 
gas with or without external work being done, coupled with the 
cooling due to evaporation of the resulting liquid it has been 
possible to obtain temperature loss than 1® K. While it is most 
improbable that the absolute zero of temperature can ever be 
reached, advantage has been taken of the magnetic properties 
of matter to approach it very closely. In general the magnetic 
dipoles get arranged in orderly fashion at comparatively, high 
temperatmes but there are a few substances, such as iron- 
aluminiimi alum, in which random orientations exist at very low 
temperatures. When these substances are at the lowest tem- 
perature attainable by the methods previously described and a 
magnetic field is created, the field controls the dipole direction 
and heat is developed. This heat is slowly absorbed by the 
surrounding substances and when the low temperature is restored, 
the magnetic field is removed. The dipoles get back to some 
extent into the disordered condition again and consequently the 
temi)erature is lowered. In this way a temperature as low as 
0‘003‘' K has been attained. 

The need for the refrigeration as a direct agent has largely 
been utilised for the puipose of cold storage, where rooms are 
cooled wdth tht) help of a bank of coils through which brine is 
circulated. The brine is usually cooled previous to its circulation 
by means of suitable refrigerating chamber. Cold storage has 
been developed within the last few years to such magnitudes 
that one could find now the refrigerated space in ships bringing 
food to Great Britain alone amounting to not less than hundred 
million cubic feet. Today there are single ships having refri- 
gerated space of over half a million cu.ft. capacity and capable 
of carrying cargoes amounting to 5,000 tons. The capacity 
of the public stores in Great Britain alone in 1937 amounts to 
50,000,000 cu.ft. The annual output of artificial ice is of the 
order of one and a half million tons and the fishing industry of 
Great Britain uses more than 700,000 tons of ice annually. 
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Beftides the ordinary ice, one finds now the industry of 
solid carbon dioxide coming to the forefront. It is rather 
wonderful that a product, which was used only in the physical 
laboratories in 1926, has become in bare fourteen years’ time 
an important commodity. There are at present in America 
more than sixty plants for the production of solid carbon dioxide 
and in other parts of the world, namely, in England, Germany, 
France, Australia, Japan, South America, Africa, India and 
Canada, the numW of such plants is more than eighty. The 
properties of solid carbon dioxide are sufiSciently unusual to 
suggest a host of applications. It sublimes directly from the 
solid to the gaseous state at pressures below 5*11 atmosphere. 
At one atmosphere the temperature of sublimation is — 78*5°C. 
At 6*11 atmosphere pressure the triple point occurs at —66*6® C. 
The liquid cannot exist at temperatures below that of the triple 
point nor at pressures below 5*11 atmosphere. Further its 
critical point is at 31° C at 75*79 atmosphere pressure so that 
the gas can never be liquefied above 31° C, i.e. above the critical 
temperature and at high pressure, gas and solid are in equi- 
librium. It has no true melting point and the latent heat of 
sublimation at the ordinary atmospheric pressure at a tem- 
perature — 78*5°C amounts to 136*9 calories per grm. Its high 
specific gravity coupled with its high latent heat materially 
reduces the space required for storing a given amount of cooling 
effect. At present it finds the largest applications in the food 
industries especially the ice-cream industries of the United 
States. It has found wide application as preservative for meat 
and fishes as well as eggs. Only i>oint against it is that it is 
still ten times dearer than ordinary ice oven in large commercial 
productions. 

The cold storage industry has utilised a number of other 
devices such as humidity recorders, temperature recorders, 
pressure recorders, ozonisers, all of them products of investigation 
of applied physicists. 

1 shall now bring before you the question of air-conditioning 
and air-hygiene, getting into prominence by the introduction 
of refrigeration in its various aspects. At first it was limited 
only to big establishments such as public halls, auditoriums, 
cinema houses, and air-conditioned trains. But now its size 
is reduced to that of a household appliance and single room 
conditioners are at present marketable commodities. 

I shall now relate to you some of the indirect applications 
of this industry. When the demands for the liberal supply of 
oxygen for mescal and industrial purposes first arose, they were 
met by chemical processes, namely, the oxidation and deoxidation 
of barium oxide. But soon after the introduction of the air 
liquefaction processes of Linde and Hampson, oxygen and 
nitrogen are separated by processes of rectification from liquid 
air. In 1938 thousand million cu.ft. of oxygen has been consumed 
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in the welding industry. Today single plants are in operation 
which produce as much as 80 tons of nitrogen per day to be used 
in the manufacture of cynamide, the nitrogeneous fertiliser 
formed by passing nitrogen gas over heated calcium carbide. 
For the manufacture of synthetic ammonia considerable quantity 
of nitrogen is being daily utilised. In 1894 Rayleigh and 
Ramsay discovered argon as a constituent of our atmosphere 
and now the lamp industry alone consumes ten million cu.ft. 
of argon extracted frohi air every year and at present one 
thousand million lamps filled with argon are manufactured by 
the different lamp industries of the world. The annual saving 
in the light bills of the world exceed many million pounds. 
Neon is also another constituent of the atmosphere which is 
extracted from liquid air. Its use in the vapour discharge lamp 
for advertising purposes and for beacon lights is increasing every 
year. Those results could not have been obtained without the 
refrigerating machineries whose principles and mode of operations 
have entirely been developed by the physicists, pure and applied. 

Automobile Industky. 

As an example' of application of’ applied physics to industry 
I shall next (choose ‘Automobile Industry'. This is less than 
half-a-century old and it could not have been earlier. Let us 
now consider how different branches of applied physics have 
contributed to the develoiiment of this industry. 

Firstly, otk^ finds ‘Properties of Materials' ranging from 
the cast iron to the varied t\q)es of alloy-steel, aluminium and 
its alloy, required to form the dilhrent memlKrs of the engine 
and its power transmitting mechanism. 8te(*l is requin'd having 
properties to stand high str(*sses und(*r high temperature 
conditions. Here not only high tensile strength but also liigh 
torsional rigidity and hardness to resist friction and wear under 
extreme (conditions are necessary. One has also to know how 
far one could exceed the elastic limits of its running parts to 
provide against accidents. One should also acquaint himself 
with the effects of h(*at treatment of these different classes of 
materials to impart to them the required properties to serve the 
nc^eds of the ma(;hino. The determination of hardness charac- 
teristic is performed by the application of Hertz's theory of 
impact in the different testing machines evolved for the purpose. 
In its body building, one must know how far one should exceed 
the elastic limits under different conditions and to attain the 
desired plastic deformations. The general knowledge of kinetics 
is essential for the proper assemblage of its members and their 
linking, so that one could secure the desired motion and speed 
under different conditions. One should not disregard the 
lubricants. The theoretical interpretation of the action of 
lubricants awaited the work of Osborne Reynolds in 1886, in 
6 
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which he considered the lubricating film to be moving between 
two parallel plane surfaces. Appl 3 rmg the relations of classical 
hydrodynamics, he deduced the equation underlying the theory 
of ‘thick film lubrication’. The specific case of the journal 
bearing was first satisfactorily treated by Sommerfeld with the 
assumptions of liquid incompressibility, absence of turbulence 
and independence of viscosity on pressure and rate of shear. 
He considered the minimum film thickness for a given clearance 
and showed that it increases monotonically with increasing 
liquid viscosity, journal speed and decreasing load. The journal 
would rise and shift from an effective solid contact with the 
bearing until it becomes practically concentric with the bearing 
as the speed is increased or the load is lessened. The tem- 
perature variation of viscosity, however, could not be satis- 
factorily dealt with as it decreases with increasing temperature 
and it was Andrade who suggested an exponential formula 
connecting the relation. The last conference on lubrication 
held at The Hague pointed out the various factors relating to the 
liquid lubricants mainly from the theoretical standpoint and it 
was found that in the present state of our knowledge it is difficult 
to apply any set formulae. The oil in the crank case of an engine 
under heavy duty will reach 140® C, the bearing surfaces 150® 
to 200® C and at the upper piston ring grooves and underside 
of the piston crown temperatures may exceed 250® C. The 
trend of automobile industry towards lower weight of engine 
per horse power and higher engine speed increases the difficulty 
of suitable lubricating oils. So the lubrication specialist is 
making a continued effort to understand the mechanism of the 
oil itself under such trying conditions. The susceptibility of 
the different oils to oxidation and the use of different types of 
inhibitors to counteract their effect has made some success. 
The question of film ruptiure is another factor concerning the 
contraction of the film, once it has been pierced by projections. 
To counteract it, one has to requisition another property, 
namely, that of adhesion of the lubricant to the metallic surfaces. 
This property is not very well understood and is designated by 
‘oiliness’ of the liquid lubricant. The broad field of lubrication 
demands the attention of applied physicist in the application 
of the basic work on the theory of liquid state and surface 
phenomenon. 

It is not strange, therefore, that large organisations such as 
Gulf Research and Development Company, and Standard 
Vacuum Oil Company have started organisations with applied 
physicists at their helm, to work out this intricate question of 
proper lubrication. 

Secondly, the thermodynamical aspect of the conversion 
of heat into motive power comes into prominence here. Here 
one finds, different types of fuels injected into the combustion 
chamber, suitably ignited, finally ejected out of it into the 
6b 
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atmosphere. To any one, who is acquainted with the progress 
of this industry, it is well known how the variety of fuels so 
far utilised required considerable investigations to lead up to the 
present stage, how economic considerations are showing the 
need for more easily obtainable fuels. 

Recent investigations regarding the design and performances 
of high speed engines indicate that the lines of enquiry could 
be fairly grouped under the following heads. 

The design of the combustion chamber with its inlet and 
outlet valves and their proper timing mechanisms; the deter- 
mination of the behaviour of the fuels during combustion; the 
mechanism of the expulsion of the products of combustion as 
noiselessly as possible. 

Quite an amount of valuable work has been done regarding 
the proper design of the combustion chamber. The extent of 
our knowledge, however, about the actual process of combustion 
in its difterent stages, the intermediary products formed and the 
final constitution of the expelled gases are yet matters of some 
uncertainty. But this is of extreme importance. The thermo- 
dynamic treatment of the petrol engine does not adequately 
handle that portion of the cycle where combustion occurs. It 
takes cognisance only of the states of the system immediately 
before and immediately after combustion. In other words, 
thermodynamics pay little or no attention at present to the rate 
of chemical transformation during an engine explosion for 
want of suitable data, even though this factor determines to a 
largo degree the rate of pressure development as well as the 
maximum pressure attained. Thus in the thermodynamic 
treatment of the engine cyck*., it is frequently assumed that 
combustion occurs instantaneously, releasing all the energy of 
combustion when the piston is at the top dead centre. This is 
not in conformity with the actual state of affairs. 

One has, therefore, to ascertain the nature of the different 
gases formed in the combustion chamber in the sucjcessive stages 
of ignition and explosion to form an accurate idea of the power 
developed in the process. In fact, for the study of the now 
cycle of an internal combustion engine or for the comparison of 
the different processes, such as, the influence of different heat 
losses, different combustion lines and different scavenging effects, 
the entropy diagram is of the greatest help. This has been 
pointed out in a recent lecture delivered by Prof. Eichelberg 
before the Institution of C^ivil Engineers, London. It is well 
known that the entrorgy of a gas can bc^ expressed by its tem- 
perature and volume as well as by its specific heat. Now 
specific heat at constant volume, C„, is dujdt and therefore one 
must have the energy u theoretically given as the kinetic energy 
of the molecules. The kinetic theory of gases shows that the 
rotational movement of the molecules is given by the degree of 
freedom and is proportional to the absolute temperature. The 
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quantum theory adds the energy of oscillation which is given by 
Einstein formula when the frequency of the atoms has been 
measured by spectroscopy or by Eaman Effect. In derivii^ the 
entropy diagram, therefore, a ^owledge of the gases developed 
by combustion is of some importance. Taking purely the 
chemical view of the problem, one should expect carbon dioxide, 
nitrogen and water vapour to be the gases formed under ideal 
conditions; but in actual practice such ideal conditions are rarely 
obtained, as everybody walking about the streets feels it, when 
he is encountered with acrid fumes emitted from the exhaust of 
a passing automobile. Furtht^*, any chemical method of sample 
analysis of the products in the various stages is beset with two 
main difficulties, namely, the inaccessibility of the flame and its 
products and the extreme rapidity of the reactions. 

It will be my purpose now to show how an applied physicist 
has come to help the automotive engineer. Quite recently a 
series of systematic investigations has been conducted in the 
research laboratory of General Motors Company of America by 
Rassweiller and* Withrow where purely physical methods have 
been adopted for the purpose. It is clear that the whole 
phenomenon takes place within the explosion chamber which 
admits fires and expeUs the charge thus offering facilities for the 
observation of the whole process in progressive stages. One has 
to take successive pictures of the flame production as it progresses 
and for this reason an experimental cylinder was designed, 
provided with a suitable glass top which would resist the tem- 
perature and pressure prevailing in the chamber. A suitable 
device has to be provided for a cinematographic film camera 
which could take rapid successive pictures. For this reason 
the camera lens has been divided into two parts. The fore-part 
being a stationary one which performs the first stage of the image 
formation of the fiames and the second part consists of a number 
of similar lenses arranged along the periphery of a disc moving 
behind the fore-lens. The film in its carrier is so disposed, 
that whenever any of the moving lenses align with the fore-lens, 
an image of the flame is formed on it and this movement of the 
disc can be maintained in s;>Tichronism with the motion of the 
piston of the combustion chamber. In fact this becomes a 
cinematography of a rapidly moving phenomenon. The speed 
at which one has to operate this mechanism for an engine of 
900 r.p.m. extends from 2,(^ to 10,000 pictures per second. 
The flame pictures show that there are two regions of maximum 
luminosity, one in a region around the spark plug and another 
along the forward edge of the flame and they are of distinctly 
different nature. 

To study the nature of these flames, the method of spectro- 
scopy has been requisitioned and here a spectrograph is mounted 
in the place of the fllm. In fact the slit occupies the place 
of the film and the film, as it were, is displaced back to take the 
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imtaataneous emission spectrum of the flame. With such an 
arrangement the spectrographic record shows very interesting 
details and is compared with the spectrum of the inner cone of a 
petrol torch operating in air. For the region of the flame front, 
one finds the familiar CH and C 2 Swan bands. The emission 
spectrum close to the sparking plug gives no trace of the above- 
mentioned two band systems. It consists of a very diffuse 
band system extendihg from 380oA to 86OOA. They have been 
observed in the flame of CO and O 2 by Weston and Kondratjew 
and are attributed by them to carbon dioxide. In the ultra- 
violet region of the spectrum emitted from the flame front 
and after-glows, one finds OH bands. In addition to the OH 
bands, a group of very diffuse bands extending from 2800A to 
3700 A has been observed in flame front but not in the other 
region. On a careful examination of the literature on band 
spectra, it is found that Emeleus observed the spectra in the 
flame of burning ether. Quite recently Vaidya while studying 
the spectra of the inner cones of ethylene flames observed these 
two groups and attributed them to the triatomic molecule, HCO. 
They are entirely absent, however, in the region near about 
the spark plug. It may be deduced that petrol is not directly 
burning as a flame in the close proximity of the spark plug. 

The sequence of reaction occurring in Bunsen burner flames 
has been carefully studied long ago (as early as 1892) by Smithels 
and Ingle and they found only carbon monoxide, hydrogen, 
carbon dioxide, water and nitrogen above the inner cone of the 
Bunsen burner flame. No hydro-carbons were present there. 
One has therefore to consider the mechanism a little more closely. 
Here one can state that the energy of combustion is liberated 
first in the flame front due to the reaction of petrol and air. 
Any small portion of the charge, w^hich at the time of ignition 
is located near the centre of the combustion chamber, is evidently 
compressed by the approach of the flame and forced away from 
it. When the flame front reaches this portion of the charge, 
the sudden release of the energy of combustion quickly raises 
its temperature and this portion of the charge expands. As the 
flame moves on through the charge, the burnt gas is again 
compressed and it is forced back towards the spark plug so that 
the combustion really takes place in two stages. In calculating, 
therefore, the total energy of the system, one has to take into 
account all these considerations in the calculation of the entropy 
of the system. 

The understanding of this process and the information 
secured from spectroscopic observations have recently been 
utilised in the design of some of the modern types of high speed 
engines and it has been found that their performances are in 
fairly close agreement with those derived from theoretical 
calculations. 
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In the study of fuel injection in the working chamber, 
one has to consider the action of carburetters, which by proper 
mixture of air and liquid fuel, produces the spray. Though 
Rayleigh first investigated the formation of sprays from liquid 
jets, it was Castleman who applied Rayleigh’s theory specifically 
to the atomisation of liquids in an air stream under conditions 
similar to those occurring in carburetters. Scheubel determined 
the drop sizes of the sprays of alcohol — water and alcohol — 
petrol mixture from a carburetter jet by using spark photography 
and on the basis of these observations suggested a relation 
between air pressure, jet diameter, density of the fiuid and its 
viscosity. The disrupted sprays were experimentally investi- 
gated by Kuehn, de Juhasz, Zahn and Schweitzer and others. 
Prom their work it is suggested that the atomisation of liquid 
jets may be due to the turbulence of the liquid and a critical 
velocity is required to produce the turbulence. 

There has been a large number of theoretical and experi- 
mental investigations to understand the proper mechanism of 
jet formation in different types of fuels and still there are factors 
awaiting solution. 

Now, about the exhaust. One gets some idea of the com- 
plicated motions in the exhaust of an engine by a c^lose observa- 
tion of the swirling motion of smoke issuing from a chimney or 
the more complicated motion of steam issuing from the funnel 
of a locomotive or still more complicated motion of the smoke 
cloud issuing from a big gun after firing of the projectile. The 
usual formula is based upon the assumption of steady state 
in the chamber, so that the distribution of energy in the chamber 
may be ignored and the kinetic energy of the issuing jet equated 
to the work done in maintaining constant pressure in the chamber. 
Exhaust of an engine is a transient phenomenon. Hence a 
great deal of justification is required in applying to it a formula, 
relating to a steady state, in which it is assumed that the energy 
in any particular unit of the gas, remains in the same unit 
throughout its passage through the chamber and the exit pipe 
and that no unit gains energy from or loses it to neighbouring 
units. The present state of the theory is in a rather unsatis- 
factory state. Quite recently a number of experimental studies 
are being conducted to secure materials for the proper develop- 
ment of the theoretical aspect. 

Aeronautical Industry. 

Air transportation is the youngest of any of the industries 
so far discussed. In its commercial aspect it is truly an ‘infant 
industry*. Not only the designers but also the executives 
are on the average very considerably younger than the men 
occupying analogous positions in most other industrial fields. 
The industry has grown up with an unusual absence of tradition 
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and experience. This is indicative of the fact that all the 
developments have been based, to a remarkable extent, on the 
results of research and theoretical calculations. An important 
feature of aeronautics lies in the extreme narrowness of the 
margin between success and failure and in the terribly serious 
consequences which may result in failure. This has placed 
a tremendous premium on exactitude and has greatly stimul- 
ated activity in research of all kinds. All the problems of 
aeronautics are essentially physical in nature and it is therefore 
not strange that it has furnishwi an unusual field for the intensive 
use of applied physics. I shall merely mention a few of the 
various branches of applied physics which have been applied 
to aeronautical problems and then shall discuss in a little more 
detail the most fundamental aspect of them. 

For any fuel burning power plants, thermodynamics plays 
an essential part. The difficult problems of heat conduction 
have to bo solved in aeronautics, because aircraft engines demand 
high pressur(^s for large power output, consistent with low 
weight and economic? fu(‘l consumption. One has to be ac- 
quainted with the phvsics of the air to re(?kon the meteorologicial 
factors on which are based the different problems of flight. 
Without this aid, air transport would be almost impossible, 
since weather troubles would make air services so unreliable 
as to (ffiminati* most of its economic usefulness. Electricity 
and magnetism have largely been used in connection with 
aircraft instruments and radio, two of the elements of vital 
importance for satisfactory air travel. For noise nnluction 
acoustics have re(?ently been requisitioned. Me(?hanics in the^ 
field of aeronautics is of basic importance. It is well known 
t hat many of the basic laws of mechanics were discovered as a 
result of problems which arose in the attempt to serve specific 
engineering needs. The classical laws of mechanics formulated 
in the middle of the eightotmth c*entury had an elegance and 
generality which attracted mathematicians and theoretical 
physicists and wen? far from the actual conditions encountered 
in practical working. In hydrodynamics, for example, for 
obtaining exact solutions of the equations, viscosity had been 
neglected. Frictionless fluids form the basis on which classical 
hydrodynamics is developed. In engineering hydraulics as 
developed by practical workers, one finds counties^ numerical 
coefficients entirely divorced from the mathematical theory of 
hydrodynamics and it was extremely difficult to secure generalised 
relations to form a rational scheme. 

It was Felix Klein who first realised this defect in the 
outlook of engineers and began to build up a school of applied 
mathematics and applied physics which developed a new interest 
and new point of view so as to bring engineering and science 
closer together. Among the group of people associated with him 
Prandtl, Von Karman and Timoshenko are best known as 



88 Proc, 28th I.8.C. : Part II: Presidential Addresses. ( 40 ) 


pioneers in this line. Their main effort had been in obtaining 
approximate solutions of more specialised equations in which 
all the essential physical elements of a particular problem are 
included. 

The theory of the aircraft structures is concerned with the 
transmission of the air forces from the surfaces where they 
arise and to the useful load which they carry. The aeroplane 
requires a smooth strong external surface for the air pressures 
to act on. The external surface has to perform two functions 
simultaneously, namely, carrying the external pressures and 
serving as an integral portion of the major structure. In the 
most modem type of akcraft, the older types of design having 
a sort of skeleton structure with a covering fabric forming the 
external surface, have been abandoned. They have been replaced 
by the so-called ‘monocoque’ type of design in which the surface 
is made of thin metal and carries a considerable fraction of the 
major structural loads. The structural members usually have 
lengths which are very large compared to their transverse 
dimensions. 

The use of the ‘monocoque’ construction and the great 
slenderness of the structural members result in tendencies 
towards instability or local buckling. For long compression 
members like struts, beam flanges, etc., the problem has been 
attacked in two manners. Firstly, by designing the structures so 
that such members have lateral support at frequent intervals. 
The ratio of length to transverse direction is kept fairly small 
between supports so that tendency for buckling is reduced. 
Secondly, carefully worked out cross-sectional shapes are 
determined so as to distribute a given amount of inertia and 
increased resistance to buckling. It was easily noticed that in 
order to prevent buckling of the struts, the thickness would 
have to be so great and so many stiffening elements would be 
necessary that the weight would be prohibitive. Wagner, after 
a* careful study, took the bold step of conceiving structures 
which were allowed and even designed to develop wavy shapes 
under load. The structure would not buckle in normal flight 
but goes into a wave state during the brief instant when the 
loads are higher than normal. The theoretical design formula 
worked out by Wagner forms the basis of all modern constructions 
and serves their purpose well. 

Turning now to the fleld of aerodynamics one flnds that 
the earliest scientifle analysis of this question was the work 
of Newton who developed a theoretical formula for the lift of 
a flat plate. This formula predicted that the lift should be 
proportional to the square of the angular inclination of the 
plate to the wind. From this formula, one flnds that in order 
to obtain reasonable lifts, enormous amount of power would be 
required to drive the plate through air fast enough to retain 
this high angle of inclination. It was only near the beginning 
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of the present century that actual machines had been built 
which were capable of flying and on careful examination by the 
theoretical physicists, it was found that the lift of a plate was 
proportional to the angle of inclination rather than to the square 
of the angle. 

The relation between the lift and the wind inclination, as 
well as resistance to forward motion or the drag, depend largely 
on the wing span, i.e., the lateral expansion of the supporting 
wings. Here were encountered great difficulties in design till 
1911 when Prandtl worked out a purely theoretical analysis of 
the problem, which led to a very simple formula connecting 
efiect of span on drag as well as the relation between the lift 
and wing inclination. The pressure drag which is the resultant 
of all normal pressures acting on the surfaces of a body moving 
through a fluid has been discussed by Helmholtz, Kirchoff and 
Rayleigh btit owing to the absence of suitable data, these 
theoretical studies did not find successful application. In 1911 
Von Karman showed that by proper ‘stream lining* this pressure 
drag could be completely eliminated. There was yet another 
factor, namely, the friction encountered by the moving body in 
motion. This has been the subject of study by Prandtl who 
showed that the influence of friction was confined to a thin 
‘boundary layer’ close to the surface of a body moving through 
the atmosphere. 

The problem of ‘stability*, i.e. the disturbance effect 
produced by gust of wind or movements of controls on the 
normal flying condition, was not very clearly understood. Bryan 
undertook the study of this problem and arrived at a solution. 
Though it is highly involved, requiring extensive mathematical 
technique, yet it forms a basis of calculation and several ap- 
proximations have now been adopted which have rendered 
the solution of the stability problem much more easy than 
before. 

The question of ‘turbulence* attracted some of the best 
brains in the world for the last fifty years and yet it remains 
in a state of uncertainty. Osborne Reynolds studied the subject 
as early as 1883 and arrived at the relation between the different 
types of fluid motions and their dependence on speed. The 
distinction between ‘laminar motion* and ‘turbulent flow* of 
a fluid and their dependence on the ‘critical speed’ were worked 
out by him. The so-called Reynolds number and a critical 
Reynolds number at which transition occurs from the ‘laminar* 
to the ‘turbulent’ state exist for almost every type of fluid 
motion. It appears that in practically all cases of technical 
importance in aerodynamics the range of Reynolds numbers 
encountered lies far above the critical one, so that a knowledge 
of the nature of turbulent flow is of extreme practical importance. 

Extensive experimental investigations to ascertain the nature 
of turbulent flow have been conducted. The hot wire anemo- 
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meter has been widely used for the purpose. Oscillograms of 
these records have disclosed their complicated nature and still 
demand careful analysis. The statistical treatment of the 
problem regarding the mechanism of turbulence by G. T. Taylor 
may prove to be a very efficient tool which will finally build 
up a consistent theory. 

The recent researches on the aerodynamics of aircraft have 
attracted considerable attention of eminent applied physicists. 
Prof. Melville Jones of the Cambridge University has been 
applying with great success the Pitot-travers method for drag 
measurements. The measurement of the profile drag on an 
aeroplane wing by Relf in the compressed air tunnel at the 
National Physical Laboratory is of great value. In fact the 
experimental observations now' reach up to Reynolds number 
value of about 24 millions, a value appropriate to the fast 
modern aircraft. 

The co-operation between the actual observations and 
experimental work of the aerodynamic laboratories is now 
proceeding very closely. The observation of squadron leaders 
in actual flight are now communicated to the theoretical physicists 
and to those engaged in wind tunnel experiments so that effective 
changes in the shape, structure, and surface of the aircraft are 
being continually modified consistent with the above-mentioned 
background. There yet remains ample scope for research 
on numerous problems of- stability and control. Oscillation 
problems have been treated generally on the basis that forces 
at issue are linear functions of velocity and displacements, 
whereas such factors as controlled and mechanical friction 
introduce non-linear relationship which has to be taken into 
account for safe high speed flying. 

The whole aspect of aerodynamics leading to the design 
and construction of aeroplanes is now engaging the attention 
of an earnest band of workers toiling ceaselessly to obtain 
practical data by the application of physical principles. 

Already the theme has become fairly large and it is not 
my intention to multiply instances so that one may realise the 
important role of applied physics in industries. I am afraid, 
already 1 have passed the limit of your patience with which 
you have so kindly favoured me till now. In spite of this, I 
cannot but draw your attention to the part which applied 
physics is now playing in agriculture, land survey, meteorology 
and biological sciences. In the different industries such as, 
the textile, paper, glass, rubber, abrasives and in various other 
industries, large and small, the unseen influences of physical 
methods and appliances are ceaselessly working for better 
production and economic development. Illumination of our 
highways, schools, workshops, public places of amusement 
indicate the useful character of the application of physics. 
I cannot but mention the different aspects of vibrations and 
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forced oscillations in its different effects, modifying oiir social 
well-being. In this connection it will not be out of place to 
mention a very striking example. I would like to refer to 
you the case of the terrible railway disaster at Bihta in 1937. 
It is well known that the Government of India appointed a 
special committee, known as the ‘Pacific Locomotive Com- 
mittee’, to investigate the (;ause and suggest remedies for the 
future non-recurrence of such accidents. I hope all of you are 
aware that to study the vibrations and oscillations produced 
in the tracks and engines, a special observation car was fitted up 
by the Chief Electrical Engineer of G. I. P. Railway, Mr. Mulle- 
neux, and the vibration recording devices designed by the 
French physicist and railroad engineer Hallade were requisi- 
tioned. After the systematic study over several hundred 
miles of tracks of the behaviour of this special pacific locomotive 
XB and XA classes of engine, the Committee recommended 
certain modifications and additions to the engines for its safe 
running. It was further suggested by the (Committee that an 
enlarged organisation for research and standards should be taken 
up by the Railway Board to detcTmine the actual vibration and 
oscillation conditions in tracks and locomotives all over India to 
ensure their safe running. 

Last but not the least is the contribution of applied physics 
to industries in the different ‘Measuring Instruments’. Thus 
in our land survey from the simple measuring chain to the 
modern aerial photographs for the contotir survey of inaccessible 
region are but examples of its utility. For the control of every 
industrial pro(^es8, the iiK^asurement of pressure, force, energy, 
frequency and numt^rous other mo(^hanisma arc finding place. 
For interchangeable part of machinery and equipment, precision 
gauges, jigs, ruling engines, projection devices are becoming 
more and more evident. The measurement of temperature is 
an important factor in our daily life and the use of temperature 
measuring devi(;es such as the thermometers, and the different 
classes of recording and non-recording pyrometers are becoming 
absolutely essential in the industry. Regarding electrical 
instruments, apart from voltmeters, ammeters, energy-meters, 
frequency-meters and power-factor meters, which are practically 
developments in one form or other of the galvanometers used 
in laboratories, one finds a large variety of instruments with 
modifications suitable for the purpose to which they are to be 
applied. The steady growth of radio and broadcasting and that 
of the aircraft created a demand for numerous t 3 rpes of measuring 
instruments which are primarily born in laboratory but put to 
industrial use in its multifarious forms. Finally, I would say 
that the contribution of applied physics to other sciences and 
to industries is becoming increasingly felt and it is expected 
that in the near future as time progresses, there would be greater 
and greater demand for applied ph 3 ^ici 8 ts in industry. 
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PHYSICO-CHEMICAL STUDIES OF GELS 

In the great science of the structure of matter the science 
of colloids represents the domain which lies above the molecular 
and below the macroscopic dimensions. In this domain there 
lie a number of systems which form the basis of essential 
material processes affecting life as a whole. Considerable 
advance has taken place in our knowledge about those systems 
during recent years and these have opened up the possibilities 
of wide and far-reaching applications of this branch of chemistry 
in both theoretical and practical sciences. 

In this address I propose to deal with one of the numerous 
systems of colloids, namely, the ‘gels* in which I have been 
interested for the last fifteen years. The name ‘gel* was first 
introduced by Thomas Graham, the founder of colloidal 
chemistry, to designate the precipitate formed on the addition 
of electrolytes to colloidal solutions or what are commonly 
known as sols. This term has now acquired quite a different 
meaning. According to Freundlich ^ colloidally disperse struc- 
tures consisting of a solid and a liquid phase or of two liquid 
phases, and having shape and cohesion, that is, elastic properties, 
should be called ‘gels’. However, some authors have pre- 
ferred to use the term ‘ jolley ’ for elastic gels in which the amount 
of the enclosed liquid is relatively enormous. McBain^ holds 
the view that those jollies which differ from sols in elastic pro- 
perties only should be considered as gels, but the number of such 
systems which are so alike in the sol and gel states is very small. 
iWther, McBain’s definition excludes a number of systems which 
have been described as gels by several writers and are of great 
scientific and industrial imiiortance. Tlius it seems that it is 
not quite easy to put forward a definition so comprehensive as 
to include all the known gels within its scope. The definition 
given by Fremidlich has Iwn adopted by the writer throughout 
the present discourse. 

The earliest known gels were those of gelatin and silicic 
acid. The former were obtained in transparent and elastic 
state and were heat reversible while the latter were known to 
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be opaque and were oonsidered to be inelastic. These oharao- 
teristics have given rise to classification of gels into various 
divisions such as transparent opaque, elastic and rigid, 
and heat reversible and heat ii^versible. Although many of 
these divisions have gone out of vogue, the one between organic 
and inorganic, determined by the nature of the substance in 
the gel condition, is still retained. If we accept this classification 
there is need for introducing another division to include 
gels prepared from inorganic salts of organic acids. These 
could be called inorgano-organic or organo-inorganic gels, not 
only on account of the nature of the substance in the gel state, 
but also from the consideration that some of the characteristics 
of this type of gels are allied to those of truly organic gels while 
other properties are related to the truly inorganic ones. 

Okoanic gels 

Earliest known gels belonging to this class are those of gelatin 
and agar-agar. These are fairly complex organic substances 
derived from animal and vegetable matter, respectively, and are 
made up of an unknown number of unisolated chemical entities. 
Gels of pectin derived from several fruits are also quite well 
known. Recently, gels of cellulose acetate and of geranin and 
viscose, which are substances of no less complexity, have been 
prepared by Mardles ^ and Liepatoff Nevertheless, literature 
aboimds in the description of gels of several definite organic 
substances, some of which exist in crystalline form. Tlie gels 
of these substances have been obtained either in aqueous medium 
or in some suitable organic solvent. Glycyrrhizic acid cam- 
phoryl phenyl thiosemicarbazide azomethine dibenzoic acetal 
of sorbitol ®, benzopyrone derivatives ®, benzopurpurin 4B, and 
crysophenin B can be cited as a few instances. 

The usual procedure adopted for the preparation of these 
gels consists in preparing a solution of the gelling substance in 
a solvent at a high temperature and then allowing this solution 
to cool either slowly or rapidly. Instances are, however, kno\^Ti 
which show that the proc^ure described above is not applicable 
to the formation of all organic gels. Thus, for example, solutions 
of nitro-cellulose in a mixture of amyl acetate and benzine, of 
nitro-cotton 12 in alcohol and of methyl cellulose i* in water, 
have been found to gelatinise on heating. Further, it has been 
foimd that neither heating nor cooling is necessary for the forma- 
tion of gels of dibenzoyl cystine These are prepared by 
merely dissolving the crystals of the substance in alcohol and 
pouring the solution into water. 

Ikobgano-oboanio gels 

Several gels belonging to this class are known and while 
some of them have been prepared in organic solvents, others 
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are easily obtained in aqueous medium. Gels of barium 
malonate^^ form a good example of the former type. They 
are prepared by mixing solutions of suitable concentrations of 
barium hydroxide and malonic acid in methyl alcohol in the 
presence of certain amount of glycerine. Gels of lithium urate 
and those of soaps are best instances of the latter type. 
Considerable amoimt of work has been done by McBain and co- 
workers* on aqueous solutions of alkali salts of higher fatty 
acids. To these they have given the sx)ecial name of colloidal 
electrolytes. They have shown that an aqueous solution of 
sodium oleate can be brought in any of the three typical colloidal 
states, namely, clear oily liquid sol, white opaque solid curd, and 
clear transparent elastic gel. Gels containing a low amount of 
sodium oleate are obtained by very slow warming of the curd 
while those of high soap content are prepared by cooling the sol. 

Soap gels have also been prepared in non-aqueous media. 
Fischer obtained a non-syneretic gel of sodium arachidate in 
methyl alcohol and Miss Laing and McBain i® prepared gels of 
potassium and sodium 8oai)s in alcohol-wator mixtures. Recently, 
it has been found at the Royal Institute of Science i® that 
sodium and potassium salts of oleic, stearic and palmitic acids 
dissolve easily in pmene at about 140'" and the resulting solutions 
sot to transparent colourless gels when cooled to room tempera- 
ture. All these gels are heat reversible and some of them show 
the phenomenon of syneresis. 

Inorganic gels 

The earliest luiown gel belonging to this class is that of silicic 
acid. Tliis has been prepared by several workers usually by the 
action of acids, organic and inorganic, upon sodium silicate. 
Bhatnagar and Mathur 2® showed that these gels can be very 
conveniently obtained by mixing suitable solutions of sodium 
silicate and ammonium acetate. In recent years, a large number 
of gels of inorganic substances have been prepared and some of 
them have been obtained in as transparent a state as the organic 
gels. An account of the preparation of gels of hydroxides, 
phosphates, arsenates, molybdates, etc., of several metals is 
given by Satya Prakash *1 who has himself prepared several of 
these gels for the first time. The methods employed for the 
preparation of these gels can be classified as follows : — 

(1) By mixing the constituents of the gel-forming mixture. 

In some cases, this results in the formation of a 
clear solution which goes over to the colloidal state, 
and in other cases, a precipitate is formed and it 
disappears on slight or vigorous shaking. 

(2) By the addition of electrolytes to a fairly concentrated 
and suitably dialyzed sol of the gelling substance, or 
by the prolonged dialysis of such a sol. 
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(3) By changing the solvent or by the dilution of a true 
solution of the gelling substance which is sparingly 
soluble in the changed or the diluted solvent. 

The hydrogen-ion concentration of mixtures giving rise to 
inorganic gels exerts a profound influence on the nature, the 
appearance and the characteristics of the gel. It has been found 
in the case of silicic acid that using the same solution of sodium 
silicate and different solutions of acidic ammonium acetate, two 
types of gels are obtained, one in the alkaline medium and the 
other in the acidic one 22 . Not only is the mode of formation 
of those two gels different, but they also differ from each other 
in appearance, the one formed from acidic medium being more 
or loss transparent. The results of this investigation have led 
to the preparation in a transparent state, of a number of 
inorganic gels which had been obtained previously only in an 
opaque or translucent condition. For this purpose acids instead 
of alkali salts of the acids corresponding to the acidic radicals 
of the gel-forming substance have been employed, wherever 
possible, and, if necessary, suitable amounts of hydrochloric 
acid have been added to the gel-forming mixtures. 

Sol-gel tbansfobmation 

The sol-gel transformation is irreversible in some Ciises, while 
in other oases, a gel can be converted into a sol and back to gel any 
number of times at will. The reversible sol-gel transformation 
in the case of organic and some inorgano-organic gels is brought 
about by heating or cooling and is called non-isotherraal reversible 
transformation . 

Recently, Szegvari and Miss Schalek discovered that gels 
of iron hydroxide show the phenomenon of isothermal reversible 
sol-gel transformation which has been named thixotropy. A 
thixotropic gel goes over to the sol state by mere shaking or 
stirring or by some mechanical action or under the influence of 
ultrasonic waves and sets again to the gel state when left to itself. 
This process can be repeated at will. Gels of aluminium 
hydroxide, vanadium pentoxide, thorium molybdate, thorium 
arsenate, are some of the many instances of thixotropic gels. 
The thixotropic change, in some cases, is accompanied by 
reversible changes of colour; for example, the iron oxide sol to 
which sodium chloride is added, appears golden brown and 
clear while the gel looks yellow and turbid 26. 

It has been observed by Prakash 2« that if gels of ferric 
phosphate and arsenate, thorium molybdate and phosphate 
and aluminium and zirconium hydroxide are frozen in liquid air 
and brought to room temperature, a sol is again formed which 
sets to a gel after a time. This process of reversible sol-gel 
transformation can be repeated at will. He has named this 
phenomenon as cryotropy. 
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A new kind of reversible sol-gel transformation has been 
found by my collaborators and myself 28, 27 vtdth gels of thorium 
phosphate and arsenate prepared from thorium nitrate and 
phosphoric and arsenic acids, respectively. They go over first to 
the sol state and then into solution when desiccated over calcium 
chloride and reset to a gel when the necessary amount of water 
is added to the solution. A similar behaviour was observed by 
Preundlich with iron oxide sol which sets to a thixotropic gel on 
the addition of alcohol and the gel is reconverted to a sol when 
desiccated over water 24. 

Miceoscopic investigations 

The scientific mind is not content with the mere preparation 
of a substance and observing the transformation it undergoes; 
it strives to probe deeper and search for its constitution. It is, 
therefore, not surprising to find that even in the early days of 
the development of this subject the attention of some 
investigators was directed to various enquiries regarding the 
internal structure of gels, such as, the size and shape of the 
ultimate particles of which a gel is composed, the mechanism by 
which a system containing only a small amount of the solid 
matter and a large volume of the liquid phase gives rise to a 
solid-looking substance, the manner in which the liquid phase is 
held in the gel system and several other aspects. 

To answer these questions attempts wore made in the 
beginning to observe the structure by means of a microscope and 
an ultra-microscope. The microscopic examination by Hardy 28 
of a solution of gelatin undergoing gelation revealed that when 
the solution is cooled IhjIow 20°, a cloudiness first appears, due 
to the formation of fluid droplets whicth, on further cooling, 
solidify and adhere to one another. Zsigmondy 2® examined 
ultra-microscopicjilly the dry gels of silicic acid as well as those 
filled with liquid, and found that they were mostly optiailly 
empty. However, on drying the gel, he could obtain some 
evidence of the existence of submicrons. Bachmann also 
followed the gelation of silicic acid, gelatin and agar sol through 
an idtra -microscope. In a one j>er cent solution of gelatin he 
observed that some time after the solution is made, there appears 
a crowd of submicrons in lively movement which ceases when 
the gel is sot. 

The above are the only few instance's in wliich losults of any 
significance have been obtained. In the case of other gels the 
mi(;roscopic and ultra-microscopic examinations have revealed 
no structure but have only indicated that the particles in gels 
are too fine to be seen by those instruments and hence their 
diameters are of the same order of magnitude as the wave-length 
of light. This is due to the fact that the application of these 
instruments to the study of gels has several limitations. For 

7 
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example, if the particles are too small to be optically resolved or 
too numerous or if the difference between the refractive indices 
of the particles and the dispersion medium is inappreciable > 
only uniform illumination is seen instead of diffraction images 
due to the particles. 

Recently, the newly discovered electron micro8coi)e has been 
employed for the determination of the shape of particles in the 
sol condition. Beischer and Krause have found that the 
particles in a gold sol are cubical and those in an iron sol are 
thread-like. No application of this instrument for determining 
the shape of particles of substances in the gel state has so far been 
reported. 

Pbopbrtibs op gels 

As no results of definite character regarding the gel structure 
could be obtained by direct examination, the workers in this field 
took to a systematic study of the various properties of gels and 
the changes which they undergo during the process of gelation or 
sol-gel transformation. It is no exaggeration to say that the great 
bulk of information of immense significance in postulating theories 
of structure of gels has been indirectly derived from such a study. 
An account, which is by no means complete, of the important 
results obtained from some of these investigations is given in the 
following pages. 

(A) Time of setting 

The time of setting is the main property which characterizes 
a gel. Various workers have employed different criteria for the 
setting of a gel. The general consensus of opinion is inclined to the 
view that the attainment of a certain viscosity by the gel-forming 
mixture should be employed as the criterion lor the setting of a 
gel. But such a criterion gives only a relative and not an 
absolute value of the time of setting. Further, it implies that 
all changes involved in the process of gelation are completed 
during this period. This is not entirely correct. 

Methods which have been employed so far for the 
determination of the time of setting are as follows : — 

(1) Fleming’s method which consists in determining the 
time which a gel-forming mixture takes to reach a consistency 
which will prevent it from fiowing out of its container. 

(2) Fells and Firth’s method 83 depends upon the criterion 
that the pressure required to blow a bubble of air or of mercury 
or of chloroform through a gel-forming mixture reaches a 
maximum value at the time of setting. 

(3) Hurd and Letteron’s method 8^ consists in placing a 
rod in the gel-forming mixture in a certain position by the help 
of a suitable support and the time which the mixture takes to 
reach a state when the rod can remain in this position without 
the support, is the time of setting. 

7B 
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(4) Prasad and Hattiangadi’s method 22 involves the 
measurement in the changes in the intensity of light from a 
constant source transmitted through the gel-forming mixture. 
The gel is considered to have set when these changes reach a 
constant value. 

The measurement of the time of setting of the same gel- 
forming mixture by the above-mentioned methods has given 
values which are widely dilferent from each other ^5, and hence 
has experimentally confirmed the view concerning the usefulness 
of these methods for comparative studies only. 

Most of the work on the time of setting has been done on 
inorganic gels, mainly at Allahabad, at the Royal Institute of 
Science, ^^mba}^ and by Hurd and co-workers. The latter 
workers are to bo credited for giving the time of setting the impor- 
tance which it deserves. They assume that the setting of a gel 
is a process which follows the laws of ordinary chemical reactions, 
so far as its velocity is concerned, and that for a given run, the 
time of setting measures the time when a certain fixed proportion 
of silica, in whatever form, has reacted. On the basis of these 
assumptions they have extended the application of Arrhenius’s 
equation to the setting of silicic acid gels and, in agreement with 
the requirements of this equation, have found that the curves 
obtained on plotting the logarithm of the time of setting against 
the reciprocal of absolute temperature are straight lines. The 
heat of activation of silicic acid gel calculated from this data 
has been found to be independent of the nature of the acid used 
for the preparation of* the gel. These investigations thus point 
out the importance of temperature control in the determination 
of the time of setting of gels. 

The assumptions mentioned above have been found to apply 
equally well to other inorganic gels studied by Prasad and 
co-workers 22 . The time of setting of the gels has been found to 
decrease with rise of temperature but the heats of activation 
have been found to alter with a change in the concentrations of 
the constituents of the gel-forming mixtures. In some cases, 
particularly in the case of gels of thorium arsenate, the time of 
setting has been found to increase with temperature and the 
heat of activation is negative. 

Similar measurements in the case of organic gels are not 
possible since they would not set at temperatiues at which the 
solutions are made. Hence a considerable time would bo lost 
and a part of the setting process would be completed before 
these solutions are brought to setting temjreratures. In such 
cases we have suggested that the time required by a gel- 
forming solution to set to the gel state when it is allowed to cool 
from a certain high temperature to a known lower temperature, 
may be taken as the time of setting of the gel at the lower 
temperature. Probably the same procedure has been followed 
by Olsen 29 who studied the time of setting of gelatin gels at 
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various temperatures. A study of the cooling curves of solutions 
of sodium oleate in pinene has revealed that the time taken 
by these solutions to cool down to the temperature of the 
bath (lower temi)erature) is a considerable fraction of the time of 
setting in accordance with the definition given above. Sufficient 
data are not yet available to draw conclusive inferences regarding 
the applicability of Arrhenius’s equation to all organic gels. 
However, in several oases straight lines have been obtained on 
plotting the logarithm of the time of setting against the reciprocal 
of the absolute temperature. These straight lines show that the 
heat of activation of these gels is negative and their time of 
setting increases as the temperature of setting is raised. 

Thixotropic gels are characterized by a second time of 
setting which is called ‘thixotropic time of set ’. This is shorter 
than the proper time of setting of gels and is the time taken by 
thixotropic gels to set after they have been liquefied by some 
mechanical action. It is remarkable that this time has practi- 
cally constant value, that is, it can be repeated as often as one 
likes, and is independent of the agency employed for bringing the 
gel into the sol state. This gives only an arbitrary way of defining 
thixotropy. 

It has been observed that the time of setting of an aged 
thixotropic vanadium pentoxide sol is reduced to one-fotirth if 
the tube containing the sol is given a rotatory motion backwards 
and forwards by moving it between the palms of the hands. 
This phenomenon has been called ‘Rheopexy’ by Freundlich 
and Juliusburger 

The time of setting of gels is considerably altered by the 
changes in the concentration of the gel-forming substance or 
of the constituents of the gel-forming mixtures. In the former 
case the setting time decreases with an increase in the concentra- 
tion but in the latter, it usually increases with an increase in the 
concentration of the constituent containing the metal ion of 
the gel-forming substance and decreases with an increase in the 
concentration of the other constituent. In the case of silicic 
acid gels prepared according to Bhatnagar and Mathur’s method 
it has been found that with an increase in the concentration of 
acidic ammonium acetate the time of setting first decreases, 
reaches a minimum value, then increases and reaches a maximum 
value and again decreases 22, Similar observations have been 
made in the case of some other gels as well 28 . 

The time of setting of a gel has been found to depend 
specifically upon the hydrogen-ion concentration of the 
gel-forming mixture. Freundlich and Sollner have found that 
the time of setting of an iron hydroxide sol increases from 
82 seconds to 9,000 seconds when the pH is changed from 3-86 
to 3*11. The effect of hydrogen-ion concentration has been 
exhamtively studied by Hurd and co-workers ^2 in the case of 
the silicic acid gels. They find that a linear relationship holds 
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between the time of setting and the hydrogendon concentration. 
Hurd and Paton ** have, in a recent publication, confirmed in a 
remarkable manner the specificity of the effect of pH upon the 
time of setting. On adding the same amount of acetic acid 
to the same silicic acid gel-forming mixture at different intervals 
from the commencement of the formation of the gel, they have 
shown that the setting of the gel proceeds at the same rate as 
without the addition of the acid for the time before the acid is 
added and subsequently at the rate followed in the presence of 
the acid added at the commencement of the setting. It has been 
recently found that an approximately linear relation also exists 
between the time of setting and the hydroxyl-ion concentration 
of alkaline silicic acid gel-forming mixtures. 

Results of similar investigations on the time of setting of 
thorium arsenate and thorium phosphate gels by Desai and 
Miss Nathan at the Royal Instiute of Science, have shown 
no linear relationship between the time of setting, determined 
by Hurd and Letteron’s method, and the excess of hydrochloric 
acid added to the gel-forming mixtures. They find that with an 
increase in the amoimt of the acid in the gel-forming mixtures, 
the time of setting first decreases and then increases. 

The time of setting of gtds is very sensitive to the addition 
of small amounts of electrolytes and non-electrolytes. The effect 
of these agents was fiist systematically studied by Prasad and 
Hattiangadi They showed that the time of setting of alkaline 
silicic acid gels decrcjases while that of acidic ones increases on 
the addition of various alcohols to the gel-forming mixtures. 
This work has been extend('d by Hurd and Carver and Munro 
and co-workers who have examined the effect of several 
polyhydric alcohols, sugars, acetone and aldehyde, on the time 
of setting of silicic acid gels, and by Prasad and Desai ^8 to the 
case of several transparent inorganic gels prepared by them. 

Thixotropic time of setting is also influenced by changes in 
(i) the concentrations of the coagulating agents or of the 
constituents of the gel-forming mixtures, and (ii) the hydrogen-ion 
concentration of the gel-forming system, and (iii) by the addition 
of non-electrolytes. A change of temperature also alters the 
thixotropic time of setting and the changes are governed by 
Arrhenius’s equation ^8. 


(B) Elasticity 

The next property which is characteristic of the gel state 
alone is elasticity The importance of this property was 
recognized even in the early days but its significance in elucidating 
the structure of gels has been understood only recently. Most 
of the work on the measurement of modulus of elasticity has 
been conducted on organic gels, x)articularly on the gels of gelatin 
which have been found to follow Hooke’s law 80 and the 
modulus has been shown to vary as the square of the 
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concentration 51. Recent measurements by Hatschek^a with 
a highly improved apparatus have shown that the gels containing 
8-12 % of gelatin have a w’ell-defined modulus up to a load 
corresponding to 45 g. per sq.cm., and this value is repeatable 
within about 3 per cent. 

The value of the modulus has been found to change with 
a change in the quality of the gelatin and the hydrogen-ion 
concentration of the gel-forming system. Freundlich and 
Neukirchu 5S found a minimum in the neighbourhood of the 
isoelectric joH w’^hile Kunitz^i found that acids and alkali 
strongly reduce the elastic modulus of the swelling gels. The 
modulus is also altered by the addition of substances like alcohol, 
sugars, glycerol and inorganic salts, to the gelatin gels. Poole 55 
has shown recently that the extension of a rod of gelatin gel 
increases with time and that the elasticity of the gel also varies 
writh temperature. The strain produced in the gel causes double 
refraction which is roughly proportional to the concentration. 

Some observations have been reported on the measurement 
of elasticity of gels of cellulose acetate by Mardles in 1923. 
The systematic work on these gels has been carried out by 
Poole 55 who finds that the elasticity of these gels also varies 
with time and temperature and approximately as the square of 
the concentration. 

No systematic work of this nature has been done on silicic 
acid gels which have been considered as inelastic. The measure- 
ment of the elasticity of compressed silicic acid gels by the 
writer 57 has revealed that they obey Hooke’s law up to the 
breaking point but the elastic limit is low. The elasticity of 
several other inorganic gels has bc^n measured by Yajnik and 
collaborators 58. 

Gels of silicic acid emit a peculiar note when they are 
suitably made to vibrate. The sonorous property of these 
gels has been noticed by several w^orkers and has been 
studied systematically by Holmes, Kaufmann and Nicholas 5» 
with gels contained in tubes. The writer measured the velocity 
of sound in the compressed gels and found that the elasticity 
calculated from the relation applicable to isotropic* solids is in 
fair agreement with the experimental value 57. 

(C) Viscosity 

Several references have been made to the effect that elasticity 
is related to viscosity, but no definite mathematical expression 
of general appliciation correlating the two constants has so far 
been put forward. Notwithstanding this view, the importance 
of viscosity as a characteristic property of a coUoidal system was 
recognized by Graham who was the first to suggest that the 
viscometer should be employed as colloidoscope. Wolfgang 
Ostwald while inaugurating a Geneial Discussion on Colloids 
and their Viscosity under the auspices of the Faraday Society 
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stated in his introductory address, ‘The determination of viscosity 
is a prominent methodic principle in investigating the properties 
of the colloidal systems which are usually described as changes 
of state*. Further, he mentioned, ‘Among all the properties, 
viscosity occupies a central position, firstly because it shows the 
largest possible variation with small changes in the colloidal 
condition * and secondly because it ‘permits quantitative measure- 
ments ... by a method not too complicated*. 

Usually, the viscosity of a system undergoing gel-formation 
has been measured by the flow of the gel-forming mixture 
through a (papillary tub(^ (Ostwald’s and Scarpa’s methods). 
Mardles has systematically studied the effect of the diameter 
of the capillary tube on the viscosity-time curves obtained 
during the formation of fjellulose acetate gels in benzyl alcohol 
and has also employed rotating cylinder and falling sphere 
viscometers for theses measurements. He finds distinct 
differences in st^veral measurements and concludes, ‘^vith 
gelating sols the viscosity values have lost their usual significance 
and are empirical but they are valuable in that they indicate the 
progress of gelation*. 

Earlier measurements of viscosity during gel-formation 
were done mostly on gelatm solutions and some empirical rela- 
tions betweem changes in viscosity with time were found out. 
The resuHs obtaineci during the gelation of solutions of cellulose 
acetate in benzyl alcohol (Mardles) could be expressed in the 
form of an exponential equation which shows that the rate of 
increase of viscosity with time is proportional to the increase of 
viscosity at that time. This relation has also been foimd to hold 
for the viscosity changes with time in silicic acid gel-forming 
mixtures and solutions of sodium oleate in pinene but is 
not obeyed in the c^ase of other inorganic gels. 

Prakash and Dhar have measured the viscosities of several 
gels during setting and have shown that their results indicate 
thn^e distinct stages during the process of the formation of gels. 
The viscosity measurements carried out at the Royal In.stitute 
of Science have failed to show these stages and hence it has 
been suggested that if they exist at all, they nm simultaneously 
and lend to the whole process of gelation an aspect of continuity. 
It has been noted in all the studies that the viscosity increast's 
only slowly in the earlier stages but after some time the rate of 
increase of viscosity l)ecomes very rapid. 

Changes in viscosity of inorganic gel-forming mixtures 
during sotting are considerably modified by changes in the 
concentrations of the constituents of the gel-forming mixtures, 
the addition of extra amounts of electrolytes and non-electrolytes, 
and temperature. It has generally been found that an increase 
in the concentration of the metallic ion of the inorganic gel- 
forming substance decreases the rate of increase of viscosity 
while an increase in the concentration of the other ion increases 
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it. It has been suggested that in the former case there is an 
increase in the density of charge on the particles of the gel- 
forming substance and hence an increase in its degree of dispersity 
and a decrease in the degree of hydration 

The addition of alcohols has been generally found to retard 
the rate of increase of viscosity with time in acidic silicic acid 
gel-forming mixtures and the reverse happens in the alkaline 
ones Similar effects have been observed with gels of thorium 
phosphate, thorium arsenate and stannic phosphate. The effect 
of the addition of increasing amounts of hydrochloric acid has 
been studied by Miss Nathan who finds that the rate of change 
of viscosity with time increases up to a certain amount only; 
further ad^tions effect a decrease in the viscosity changes. 

Increase of temperature increases the rate of increase of visco- 
sity with time for all the inorganic gel-forming mixtures studied 
so far, thorium arsenate being the only exception to the above 
rule. The reverse effect takes place on the viscosity changes 
vdth time in the case of the organic gels, on rise of temperature. 

The study of the change of ‘viscous behaviour’ has also been 
suggested by Freundlich as the best method of attacking the 
problem of thixotropy in a quantitative manner. Viscosity 
measurements during the setting of thixotropic gels of thorium 
molybdate and of stannic hy^oxide by capillary viscometer 
have yielded viscosity-time curves which are discontinuous or 
zonal as named by Joshi and co-workers who were the first to 
obtain zonal viscosity-time curves during the studies of the 
coagulation of several colloidal solutions by electrolytes carried 
out at the laboratories of the Hindu University. The nature of 
zones in these curves has been fornid to change with a variation 
in (i) the concentrations of the constituents of the gel-forming 
mixtures, (ii) the hydrogen-ion concentration, and (iii) tempera- 
ture, and (iv) by the addition of extra amounts of electrolytes and 
non-electrolytes. Such curves have not been obtained in the 
case of thorium arsenate gels which are also known to be 
thixotropic. Hence it has been suggested by us that the zonal 
nature of the viscosity-time curves may be taken as a charac- 
teristic of highly thixotropic gels only. 

Goodeve and Whitefield have shown that for quantita- 
tive work it is necessary to determine the resistance to 
flow, that is, the rate of increase of viscosity under constant 
shear in a fairly short time — a condition which is not reached in 
the usual methods employed for the measurement of viscosity. 
According to them under conditions of steady shear there is an 
equilibrium between the rate of increase of the concentration of 
the micelles and the rate of their breakdown, and the apparent 
viscosity of the system is given by 

,6 
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where is the residual viscosity, 8 the shear, and d the co- 
efficierU of thixotropy which may be stated as the rate of growth 
of structural viscosity with time divided by the probability of 
the viscosity being broken down in unit time by unit shear. 
They have devised an apparatus for the measurement of the 
apparent viscosity of a thixotropic system at different rates 
of shear and have shown that the curves obtained on plotting 
the observed values of viscosity against the reciprocal of shear 
are straight lines at high rates of shear and are independent of 
the rate of shear. The limiting slopes of these lines are the 
coefficients of thixotropy. Measurements made on thixotropic 
suspensions have yielded results which are in conformity with 
the theory but no such work has so far been carried out on 
thixotropic gels considered in this discourse. 

(D) Optical Properties 

Tlie study of the optical properties of gt'ls has a great advan- 
tage over the viscosity as in this case the observation can be 
made without disturbing the internal equilibrium of the system. 
Optical properties which have been studied during the process of 
gel -formation include mainly (1) the scattering of light and its 
I>olarization, (2) refractive index, (3) extinction coefficient, 
(4) turbidity, transparencjy or opacity. 

The method of scattering of light was first developed by 
Lord Rayleigh 70 with a view' to obtain information regarding 
the size and shape of colloidal particles and the (;olour changes 
which accompany the coagulation of sols by electrolytes. Arisz 
extended t his method to the study of the transformation of the 
glycerol sols of gelatin to the gel state and found that the 
rate of change of the intensity of scattered light increases rapidly 
with kmiperature during gelation. Kraemer and Dexter 72 also 
found an abrupt rise in the intensity of the light scattered by 
gelatin solutions at temperatures below' 30"^^ w'ithin a very narrow 
range of jpH near the isoelectric point. Duclaux and Hirata 73 
have, however, pointed out that this increase is not due to an 
increase in the volume of the gelling elements but is caused by 
the formation of a network. 

Effects of various factors which influence the process of gela- 
tion, on the intensity of scattered light, expressed in the form 
of the Tyndall number, have been systematically investigated 
by Mardles 74 during the reversible sol-gel transformation of 
cellulose acetate in benzyl alcohol. He finds that the Tyndall 
number is a function of the mechanical treatment and the rate of 
gelation. Further, it varies with time, temperature and the 
concentration of cellulose acetate. The Tyndall number- 
temperature curves reveal the existence of a maximum gelation 
temperature while the Tyndall number-concentration curves 
contain a maximum which decreases with rise of temperature. 
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The measurements of intensity and depolarization of scattered 
light have also been made during the reversible sol-gel trans- 
formation of agar-agar by Krishnamurti whose results also 
point to the existence of a maximum gelation temperature. 
Further he finds that there is practically no change in the Tyndall 
number with time at and above 40®, but at and below 35® it 
increases with time until a constant value is reached, and that 
the particles in the gel state are bigger or greater or both than 
in the sol state. 

A new aspect of the subject of scattering of light by colloids 
has been developed recently in the laboratories of Professor 
Sir C. V. Raman. Subbaramiah and Krishnan 76 have shown 
that in order to obtain information regarding the size and 8hai)e 
of particles in the colloidal state it is not sufficient to measure 
only the intensity and depolarization of the scattered light. 
They suggest that it is necessary to obtain the values of the 
depolarization factors (p^, Pv* Ph) for the light transversely 
scattered by a colloidal system with incident light unpolarized, 
vertically polarized and horizontally polarized. The application 
of this method has been extended by Subba Ramaiah to the 
study of the phenomenon during the sol-gel transfonnation of 
silicic acid, stearic acid and sodium 8tearate77. He finds that a 
continuous increase in the micellar size takes place during the 
sol-gel transformation of silicic acid and this increase continues 
even after the formation of a rigid gel. The micellar size is 
greater in alkaline gels than in the acidic ones of the same 
concentration. 

Refractive index measurements of systems which set to a 
gel have been made by a number of workers in the sol and the 
gel states mainly with a view to determine the transition temx)era- 
ture. Miss Laing and McBain 2 employed this method to examine 
the nature of aqueous solutions of sodium oleate in the three 
characteristic colloidal states and found that the sol and the 
gel forms are identical with resj)ect to the refractive index. 

Mardles 78 obtained indications of change of refractive index 
during the reversible sol to gel transition of cellulose acetate in 
benzyl alcohol. Mathur 78 also found that the refractive index 
increases rapidly as a solution of sodium oleate in pineno is 
cooled and reaches almost a constant value when the gel is set. 
The refractive index changes considerably with the temjHiratuie 
of setting but with the change in concentration of sodium 
oleate the effect on the refractive index is not appreciable. 

No work seems to have been done on the changes in the 
refractive index of the inorganic gel-forming mixtures during 
the process of gelation. Some observations have been taken 
dining the setting of a few gels and it has been found that this 
property does not undergo any appreciable change during the 
gelation process. However, Joshi and co-wwkers who are the 
first to employ the refractive index method for the study of 
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the kinetics of the coagulation of sols by electrolytes have found 
zonal changes in this property with time. 

The measurement of the extinction coefficient during the 
process of gelation seems to have been done mainly by Prasad 
and co-workers and Prakash The former studied the 
changes in the extinction coefficient of silicic acid gel-forming 
mixtures during setting and found that the extinction coefficient- 
time curves for the acidic mixtures are S-shaped while those for 
the alkaline mixtures are smooth rising ones. Prakash has 
examined several other inorganic gels by this method. 

The transparency or opacity method was first introduced 
by Mukherjee and co-workers for the study of the kinetics of 
coagulation of sols by electrolytes. In their earlier work they 
measured the changers in the intensity of light transmitteil through 
the coagulating sj^stem in various spectral regions but later on 
these (jhanges were nujasured by means of a thermopile which 
was subsequently substituted by a photo-cell by T)esai and 
co-workers Th(^ thermopile methocl was employed by l\asad 
and Hattiangadi to study the kinetics of the formation of 
silicic acJd gels. They found that the curves obtained on 
plotting the deflection differences against time are smooth and 
hence confirmed that gelation is one continuous process. The 
deflection differences reach a constant value after some time, 
which they take to be the time of setting of the gel. The 
changes in the deflection differences at various intervals have 
been found to be remarkably influenced by the alkalinity or 
acidity of the mixtures and the addition of non-electrolytes and 
electrolytes, 

Desai’s photo-cell method has been recently modified by 
Prasad and Modak who have magnified the deflections of the 
galvanometer several times so that even the minutest changes in 
the intensity of the transmitted light may not go unnoticed. 
Employing this arrangement for the study of changes accom- 
panying the process of gelation of stannic phosphate and 
zirconium hydroxide gels they find that the opacity -time curves 
are smooth S-shap<*d and these get shifted by a change in the 
concentration of solutions employed for the formation of gels. 
The probability of any error cret‘pffig in the above anangement 
due to fluctuations of the current feeding the source of light and 
of the voltage applied to photo-cell, has been removed in the 
apparatus recently devised by Gogate at the Royal Institute of 
Science. Further, by using a compensated i>hoto-cell system this 
apparatus has been adapted to read directly the opacity changes 
taking place in a gelating system during setting. 

(E) Syneresis, Drying, Imbibition, Hysteresis in 
Sorption and Swelling 

Some gels exhibit the property of exuding liquid when 
they are allowed to stand for some time. This phenomenon 
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which is known by the name of syneresis was first observed with 
gels of silicic acid but later on Ostwald pointed but that it is 
shown by gels of nearly all substances which have widely 
different properties. The liquid exuded during the syneresis 
of geranin gels has been examined by Liepatoff and is found 
to consist of small quantities of the dye which is present as 
single or double molecules. 

The velocity of 83 meresis has been quantitatively studied by 
Liepatoff 89, Mukoyama 8^, Fergusson and Appleby 8^, Bonnel 82, 
Mathur83 and others. For this purpose different methods 
have been employed to determine the amount of liquid exuded 
by a gel at different intervals of time. The infiuence of various 
factors, such as, the free surface, the concentrations of the 
constituents of the gel-forming mixture, the hydrogen-ion con- 
centration, the presence of the added eleotroljiies and non- 
electrolytes, the temperature and other factors, on the syneresis 
has been exhaustively studied by some of the workers mentioned 
above and by Prakash and Dhar®^. The results obtained 
have been critically examined by Kuhn 85 who concludes that 
certain gels show increased syneresis with increasing concentra- 
tion whilst other gels behave in the reverse way^ But there is 
no general rule regarding the influence of temperature on the 
degree of syneresis which is very sensitive to the presence of 
small amounts of additive agents. In general the syneresis is 
greater when the gel is in the least stable state. 

The liquid contained in the gel can be removed by the 
process of drying or desorption. The first important investiga- 
tion on the diying of gels was made by Van Bemmelen 8« whose 
experiments are considered as classical on the subject. He 
determined the loss of water suffered by silicic acid gels when 
they are dried to extreme limits and found that the contraction 
in volume of the gel is accompanied by changes in its trans- 
parency. Bemmelen’s method of study was improved by 
Anderson 87 and Zsigmondy and co-workers 88 ^ho observed 
changes of direction in curves obtaincnl on plotting the amount 
of water held by one gram of silica against vapour pressure of 
the gel, at stages corresponding to the changes in its opacity. 
Further, they developed a mathematical expression to calculate 
the radii of capillaries in the silicic gel at different stages during 
drying. Similar investigations have been made on gels of several 
metal oxides. Desai 89 has shown that the rate of loss of water 
by silicic acid gels is least with neutral ones and increases with 
an increase in the acidity or the alkalinity of the gel-forming 
mixtures. 

Fells and Firth observed that when the rod of a gel of 
silicic acid prepared from sodium silicate and hydrochloric acid 
is allowed to dry under certain conditions, it contracts in volume 
and is surrounded by fine long needles jutting out of the dried 
rod. On analysis these were found to consist of sodium chloride 
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and their X-ray examination revealed that they possessed nearly 
the same structure as observed in perfect crystals. 

The behaviour of gelatin gels on drying has been found to 
be different from that mentioned above. These gels shrink but 
do not show any changes in oi)acity at any stage during drying 
and there is no evidence of pores developing in the dried gel. 
Hatsohek^oi has made an interesting study of the drying of 
gelatin gels made into various shapes and permanently deformed 
or bent before drying. He finds that drying increases the torsion 
considerably and a cylinder containing 10 to 15% gelatin first 
assumes the shape of a barrel with convex ends and finally that 
of a single shell hyperboloid with concave ends. 

The dried gels of silicic acids and of other metal oxides, take 
up gases and vapours of liquids and although the amount sorped 
is in equilibrium with the pressure of the gas or the vapour, the 
sorption (hydration) isothermal is distinctly lower than that 
observed during desorption (dehydration), that is, the liquid 
content of the gel at any given pressure is smaller during sorption 
than during desorption. This has given rise to the phenomenon 
of hysteresis in sorption. The existence of the hysteresis loop has 
been observed by Van Bemmelen®®, Zsigmondy Anderson 
Alimand and co-workers McBain Foster and several 
othc^rs and some of them have shown that hysteresis is real 
and j)er8ists even after drastic degassing of the gel surface. 
Recently, this phenomenon has been exhaustively studied by 
Subba Rao by means of McBain- Baker quartz fibre spring 
balance with dried silica and metal oxide gels which were suitably 
activated. He has shown that the loop is a permanent one and 
is reproducible any number of times. Thus, for example, he 
has reproduced the loop in silica gel- water at the 19th cycle and 
in titania gel-water at the 32nd cycle. Further, he has succeeded 
in scanning the loops by traversing them from various inter- 
mediate points on the main sorption and desorption curves and 
has thus established the permanency and the reproducibility 
of the hysteric loops. 

A similai stud}^ has been made by Subba Rao of rice- 
water, dhal-water, gum arabic-watcr systems which also exhibit 
the phenomenon of hysteresis initially but the loop disappears 
on progressive sorption and desorption. However, a series of 
sorptions and desorptions of carbon tetrachloride by the activated 
rice grain shows a permanent and reproducible hysteresis loop. 

The imbibition of water by gels of gelatin and of some 
other substances is accompanied by an increase in volume and is 
called swelling. A consideiable information is available regarding 
the velocity of sw'elling of gels and the properties exhibited by 
the swollen gels. Thus, for example, it is known that an appre- 
ciable amount of heat is evolved during swelling and the swollen 
gels exert a pressure (swelling pressure) which is fairly high and is 
related to the concentration of the disperse phase. An extensive 
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investigation by Proctor and collaborators has revealed 
that the swollen gelatin gels consist of two forms of gelatin, the 
unionized isoelectric gelatin and the ionized salt which may be 
gelatin hydrochlorides or sodium gelatinates. 

The amount of water taken up by gelatin gels not only 
depends upon its concentration and its previous history but also 
upon the hydrogen-ion concentration of the solution from which 
imbibition takes place. Kunitz lo® has shown that gelatin gels, 
up to ten per cent concentration, contract when placed in a 
solution of pH 4*7 but swell if the concentration of the gel is 
greater. He considers that the shrinkage in water is similar in 
nature to syneresis and suggests that the two phenomena should 
be considered as synonymous. Hardy has suggested that 
the exudation of liquids by gels should be considered as positive 
syneresis and the imbibition as negative syneresis. 


(F) Diffusion and Chemical reaction in gels 

Early workers had held the opinion that the rate of diffusion 
of dissolved substances in gels is practically the same as in 
liquids. However, later investigations in this direction have 
shown that this behaviour is true only in certain limiting cases, 
the concentration of the gel exerting a great influence on the 
rate of diffusion of electrolytes Further, substances of 

high molecular weight have been found to diffuse very slowly 
in gels while for colloidally dispersed substances the gels serve 
as filters which allow only the dispersion medium to pass through. 

Eecently, Friedman and co-workers have studied the 
diffusion of several non-electrolytes in gels of gelatin, agar-i^ar 
and cellulose acetate in benzyl alcohol, by a new technique 
which has several advantages over those employed previously. 
In this method a gel is covered with an equal depth of water 
which is kept stirred continuously and the diffusing substance is 
contained either in the gel or in the outside water. Small 
samples of water are taken out periodically and analyzed by 
means of the Immersion Refractometer. Increase in the concen- 
tration of the gel has been found to decrease the rate of diffusion 
markedly; the decrease is linearly related to the increase in 
concentration in the case of agar gels. The diffusion coefficients 
have been calculated from an expi*ession developed by Weaver 
and their values in water and in gels are related by the equation, 

in which r is the radius of the diffusing molecule, R the radius 
of the pores of capillaries in the gel, a the correction factor for 
viscosity and tt the correction factor for mechanical blocking. 
Patrick and Allans* have studied the diffusion of various 
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electrolytes through silicic acid gels and have found that their 
results are not in agreement with Nernst’s theory of dififusion 
but can be satisfactorily explained on a theory developed on 
the basis of electro-kinetic potential. 

It has been found that a number of reactions and crystalliza- 
tions which will not otherwise take place, proceed fairly smoothly 
in the gel media. In silica gels, cupric ions are reduced to 
cuprous state and even to metallic copper when treated with 
glucose and basic lead acetate is reduced to metallic lead by 
tin 11 *. The crystals of mercuric iodide and bromide are obtained 
in elongated tetragonal form when the silica gel containing 
potassium iodide is flooded with mercuric chloride n^. 

A remarkable phenomenon is, however, noticed in certain 
cases in which the precipitate formed by a chemical reaction in 
gel media is deposited in a number of separate bonds or layers 
or rings. The rhythmic or banded precipitation, first observed 
by Liesegang and known after him, is observed in Nature 
in systems of very different origin, namely, in rocks, vegetable 
matter, plants and animals. In chemical reactions which give 
rise to such a precipitation it is necessary to use proj)er con- 
centrations of the reactants and suitably adjust the hydrogen-ion 
concentration of the system. Mitra n® has recently shown that 
periodic precipitates are also formed in the absence of a foreign 
gel during the coagulation of sols of ferric phosphate, ferric 
arsenate and ferric borate under suitable conditions. 

Several attempts have l)eon made to obtain a mathematical 
expression relating the distances between the different bands 
and the several factors involved in their formation. Empirical 
relations have been obtained by Lakhani and Mathur n® between 
the distances of rings of the same ordinal number and the 
concentration of the diffusing substance, by Mikhalev, Nikijorov 
and Shemyakin between the distance of the rings and tlie 
actual spreading velocity, by Suztinne Veil between the order 
number of the principal rings and their distances. A theory 
based on the diffusion law has been recently derived by Hughes 122 
and it seems to account satisfactorily for the distances between 
the several bands. 

Various theories have been put forward to account for the 
origin of the Liesegang phenomenon. The older theories were 
based on the supersaturation and crystallization of the banded 
substance and these were followed by theories which aim at 
explaining the phenomenon from the colloid-chemical point of 
view. According to these theories, the main role is played by 
the adsorption by the precipitate either of the substance present 
in the gel or of the sol of the precipitated substance. 

On the other hand, some workers have suggested that the 
Liesegang phenomenon should be explained on the consideration 
of de Broglie waves associated with the movement of the pre- 
cipitating agent. Christiansen and Wulff^^a have shown that 
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the velocity calculated from de Broglie’s equation is in good 
agreement with the experimental value for several precipitates. 
They have also applied the Schrodinger equation to these systems 
and have developed a theory which seems to account for the 
observed phenomenon. Baman and Subbaramaiah have also 
observed a phenomenon with Liesegang precipitates of silver 
chloride and silver chromate in gelatin, and they consider this 
to be unmistakably in the nature of interference effects. 

Theories of gbl-formatiok^and gel structure 

The above-mentioned and several other investigations of 
the various properties of a number of gels have given birth 
to many theories of the structure of gels, but most of them are 
mere modifications introduced in the general theories, to suit the 
behaviour of particular gels. Three general theories of gel 
structure have been recognized and these are: (1) solid solution 
theory, (2) liquid-liquid theory, and (3) liquid-solid theory. 
None of these explains satisfactorily the phenomena observed 
during the process of setting and the properties of all classes of 
gels when set. 

The methods of preparation of gels indicate that the first 
condition or stage for the formation of gels is that the gelling 
substance should be obtained in the sol condition ; this state may 
only be a temporary one in some cases. This can take place 
either by mechanical action and ion adsorption from a medium 
which does not exert any appreciable solvent action. The 
density of electrical charge on colloidal particles formed from 
ionic solutions may be positive or negative but it should not be 
high as otherwise discrete fiakes which may be gelatinous would 
be formed. The condition of low density of charge is probably 
realized in systems in which the gelling substance is formed as 
the result of chemical reaction. If, however, this condition 
does not exist, it is created in some cases by the addition of 
electrol3rte8 and in other cases by prolonged dialysis. The 
condition of prolonging the dialysis is essential, for Desai and 
co-workers have shown in a series of papers that the density 
of charge on colloidal particles, determined from the cataphoretic 
velocity, increases during the earlier period of dialysis and 
subsequently decreases. 

Another important condition for the formation of a gel 
is to obtain a sufficient amount of the gelling substance in a 
supersaturated stato. The importance of this condition can be 
realized from the fact that under given conditions certain con- 
centration limits are prescribed for every gel. If these are 
exceeded, no gel-fonnation takes place. Von Weimarn ^26 has 
expressed the results of his investigation on the effects of con- 
centration in the form of an equation which leads to the inference 
that gel-formation takes place only when the factors involving 
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viscosity and the degree of supersaturation are large and the 
solubility of gelling substance is small. 

The* second condition of gelation consists in the coalescence 
or coagulation of the particles of the sol of the gel-forming 
substance at a velocity which is not too great 127. it has been 
shown by Hurd, Raymond and Miller *2 that the setting time of 
a particular mixture giving rise to silicic acid gel from a positively 
charged sol, is decreased to a greater extent by the addition of 
sodium chloride than in the presence of the same quantity of 
sodium sulphate. This observation must raise doubts regarding 
the nature of coagulation involved in the process of the formation 
of inorganic gels. But the study of the viscosity and opacity 
changes during the coagulation and gelation of a concentrated 
sol of stannic hydroxide under not widely different conditions 
has yielded results which are similar in nature. De Jong 128 
has also concluded that gelation of agar sol has all the charac- 
teristics of flocculations. These observations together with the 
fact that same methods are employed for the study of kinetics 
of coagulation and gelation lead one to conclude that the agglo- 
meration of colloidal particles in inorganic gels takes place by 
a mechanism which is analogous, if not identical, with true 
coagulation. 

The process of the formation of large entities is accompanied 
by very strong absorption of the sTirrounding medium so that 
the ultimate particles of the gel are so heavily solvated that 
hundreds of moli^cules of the medium are associated with 
one molecule of the gel-forming substance. These conclusions 
have been confirmed from the calculations made from Hatschek’s 
formida for the determination of the degree of hydration. 

The third stage consists in the formation of specific structures 
which are fairly complicated. During this process the complete 
immobilization of the fluid takes place which, according to 
Ostwald, is the most important characteristic of a gel. It is 
probably at this stage that rapid changes in the viscosity and 
surface tension of the gel-forming system take place. Nothing 
definite is known regarding the forces which bind the ultimate 
particles of the gel together ; it has only been surmised that they 
are of the same nature as residual affinities since they can be 
overcome in the same manner as in melting. 

The above discussion reveals that gels are made up mainly 
of two phases. Ostwald pictured that these two phases are 
liquids and on this basis put forward the emulsion theory of gel 
structure. On critical examination Hatschek has shown that 
this theory is faulty since the mechanical properties of a liquid- 
liquid system do not correspond to those of true gels. 

The other two theories assume that a gel is made up of solid 
and liquid phases. The ultra-microscopic observations and 
the method of Tyndall Effect have indicated that the solid or 
the semi-solid phase is present but it exists in such a fine grained 

8 
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Btruoture that it is not visible by these methods. The solid 
solution theory only states rthat the dispersion medium is held 
in the gel in the form of a solution in the solid colloid and does 
not deal further with the structure of gels. The liquid-solid 
theory considers that the structure of gels may be (i) cellular, 
or (ii) fibrillar or micellar. 

According to the first theory the structure of gels is made 
up of cells built of the solid phase, and these hang together at 
certain points so as to form a network. The liquid phase of 
the gel is held in the form of droplets in this cellular frame work. 
The cellular structure has been actually observed in the case of 
some gels (Butschli, silicic acid) and the microscopic observation 
of Hardy also lead to the conclusion that gelatin gels form a 
framework which is an open structure and which holds the fluid 
phase in its interstices. This theory accounts for the elasticity of 
gels but cannot provide satisfactory explanation for the pheno- 
mena of syneresis, swelling and dehydration and the absence 
of any change in the electrical conductivity during setting 129, 

The fibrillar theory was first put forward by Nageli 
postulates that gels are made up of fibrous structure formed 
of the solvated solid phase and the liquid phase is contained in 
the pores of these fibres or aggregates, both phases being con- 
tinuous. Several views are held regarding the mechanism which 
gives rise to the fibrils. They may be either formed b}^ the 
mechanical agglomeration (following coagulation in the case of 
inorganic gels) of the colloid or may consist of very large 
polymerized molecules or the fine crystals of the gol-forming 
substance. 

In the case of the gelatin gels the sol, according to Boguo 
already contains slightly hydrated molecules united into short 
threads. On cooling the sol, these threads increase in length, 
swell, lose freedom of motion and cohere with each other. Miss 
Laing and McBain^ also consider that during gelation the 
particles of soap sols stick together in filamentous structure. 
Barrat 122 jias summed up the conclusions regarding the structure 
of elastic gels in a statement that they are made up of a network 
of a mass of intersecting fibrils which are at first microscopic 
and later become ultra-microscopic. 

In the case of silicic acid gel the simple molecules which 
are first formed 122 change over to complex molecules () 3 -silioio 
acid) probably by condensation accompanied by the splitting of 
water, and the threads are made up of polysilicio acid molecules. 
Hurd 124 hag suggested that theoretically the process of con- 
densation should occur more readily if an equal number of the 
simple molecules of silicic acid ionize, giving rise to positive and 
negative ions [Si(OH)s-^ and SiO(OH)3’*] and if the collision 
between them occurs more frequently. The probability of this 
mechanism is supported by the amphoteric character of siUcio 
acid. The poly^cic acid moleoul^ chains which are inter* 
8b 
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oonneoted in the three dimensions in the gel, are neither large 
nor are they of sufficient density and hence are not visible in 
the microscope. This process of the formation of the fibrils 
explains the absence of a change in the electrical resistance of 
the silicic acid gel during setting and the non-thixotropio 
behaviour of these gels. 

It has often been suggested that the solid phase in a gel 
is crystalline and the phenomenon of gelation is similar to 
crystallization. Kxejci and Ott have found a cristobalite 
pattern by an X-ray analysis of the freshly prepared gels of silicic 
acid. But there are several gels in which there is no evidence 
in favour of the existence of crystalline structure, although 
a tendency towards such a structure is probably indicated. 
Hardy 136 concludes, 'The process of gelation has many points 
of resemblance to crystallization but the mfksses which have all 
the appearance of crystals are not crystals \ 

The lenticular form of bubbles generated during gelation 
indicate that there exists a force in gels which tends to orientate 
the threads. In this process they cause further contraction 
and thereby afieot the squeezing out of the fluid through 
the capillaries. This is manifested as syneresis. During the 
dehydration of gels also the fluid is removed through the 
capillaries which shrink in size and get filled up with air in well- 
dried gels. Syneresis and dehydration seem to be related to 
each other, probably on accoimt of the nature of capillaries, as 
both of them have bt^en found to be minimum in the case of 
silicic acid gels near the neutral point. When the di’ied silicic 
acid gels are moistened with water, the swelling of the outer walls 
of the gels causes a strain which makes the gels crumble violently 
into piec*4.‘S. This phenomenon was first observed by Bhatnagar 
and Mathur and is described by Ostwald in Kolloid Zeitschrift as 
Bhatnagar-Mathur Efi’ect ^37 which has been studied systemati- 
cally at the Lahore Liiboratories. 

Diffusion through gels also takes place through the fluid 
which fills those capillaries. Tliey are wide in dilute gels and 
hence the rate of diffusion in them is the same as in the free dis- 
persion medium. But the increase in the concentration of the 
gel narrows down the capillaries and hence diminishes the 
amount of the fluid in them and thereby decreases the quantity 
of the substance diffusing in. 

The size of the pores determined from the dehydrat ion data 
in the case of variously dried silica gels has been found to vary 
between 2*76/i/a and l*376ft/Lt between the two opacity points. 
Friedman and co-wwkers found from the diffusion data that the 
radii of the pores in different gels vary from Imy. to 5m(i. These 
data confirm Pauli’s suggestion that the gels are ultra-porous. 
The average value of the interval between two threads has been 
found by Kraemer ^*8 to be of the order of 100 millimicrons. 
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Subba Rao has put forward a concept that the 
•capillaries in the porous gels are in the form of cavities with 
constricted ends. This concept offers not only a satisfactory 
explanation for the existence of the hysteresis loop but also 
explainsThe phenomena of the scanning and the drift of the loop. 
The disappearance of the loop on progressive sorption and 
desorption in elastic gels, such as those of rice and dhal, is 
explained on the consideration that the cavities swell on the 
imbibition of water, become elastic and hence lose their power of 
entrapping water. 

The length and number of the fibrils in a gel are responsible 
for its elasticity. Poole has developed a mathematic^il theory 
for the behaviour, under stress, of a structure composed of a mesh 
of cylindrical threads and found that the experimental elasticity- 
temperature-concentration relations for gelatin and cellulose 
acetate gels are in qualitative and approximately quantitative 
agreement with the theory. Tlie time factor or ‘creep’ is 
mainly due to the reversible flow of the liquid phase in the 
interstices of the solid phase. 

The fluid contained in gels is probably a solution of the 
gel-forming substance in the dispersion medium. Some of it 
is associated with the micelh^s and the rest is contained in the 
interstices of the fibrils. These have been considered as ‘fixed’ 
and ‘free ’ fluids It is the free or interstitial fluid which comes 

off first during desorption of gels. The rigidity of gels has been 
shown to depend upon the relative amounts of the free and fixed 
fluid contained in them. 

Freundlich^ Ostwald, Hauser and Kistler consider that 
in thixotropic gels the water molecules are orientated and form 
thick rigid envelopes round the particles of the gel. These 
lyospheres are destroyed by shaking and reformed on allowing 
the gel to stand. But Russel and Rideal^^i have collecU^d 
evidence in favour of the view that the ultimate particles of 
the thixotropic gel-forming material are anisotropic or anisometric 
or both and the charge and the adsorbed water molecules are 
unequally distributed. According to them the structure of 
thixotropic gels is made up of these entities which are regidarly 
orientated and the mechanical stress only destroys this 
orientation. 

The anisometric nature of the micelles has been indicated 
in sols of cellulose derivatives by X-ray methods. Subba 
Ramaiah has also found from his optical method that the 
micelles in the rapidly setting silicic acid gels possess a spherical 
asymmetry and the spherical sjrmmetry of the micelles in the 
slow setting systems decreases due to an orientation subsequent 
to the setting. Freundlich also states that it is undeniable that 
the particles in many thixotropic systems are non-spherical. 

It would appear from this survey that the fibrillar theory is 
in harmony with most of the characteristic properties and varied 
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phenomena shown by gels. It explains satisfactorily the 
elasticity, viscosity, syneresis, swelling, dehydration and 
hysteresis, diffusion and optical and ultra-microscopic 
phenomena. This theory has the adherence of most of the 
workers on the subject of gels, although it cannot be assumed 
prima facie that all gels have the same architecture. 
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Presidential Address 


{Delivered on Jan, S, 1941) 

PALAEOGEOGRAPHICAL REVOLUTIONS IN THE INDO- 
BURMESE REGION AND NEIGHBOURING LANDS. 

(VIKDHYAN TO DEVONIAN) 

INTRODUCTION. 

I deeply appreciate the honour you have done me in 
electing me to preside at the (reology Section of the Indian 
Science Congress. 

We meet to-day at a critical juncture in the world^s history : 
under the shadow of a great war and at a period of strife and 
restlessness. It is therefore, perhaps, in the fitness of things 
that I should select the title Palaeogeographical Revolutions as 
the subject of my address. Such far-reaching changes are not 
merely the heritage of social or political systems, but are also 
inherent in our geological systems, in our great continents and 
the restless oceans. 


THE CHANGING FACE OF THE EARTH. 

The earth pulsates with life. TIk* once lofty snow clad 
mountain ranges, like the Mndhyans, have been levelled and 
humbled by the im})act of weathering agents. The Poles have 
wandennl far and wide through geologic al ages and there is reason 
to believe that during the early Gondwana jieriod the South 
pole was situated in the? middle of the Indian Ocean, while the 
North pole lay near Tulterango Mexico. i On the contrary the 
great ice-bound polar regions supported a warm water coral 
fauna during the Palaeozoic and a warm sun blazoned upon a 
luxuriant tropical vegetation during the Mesozoic era. This is 
not all. Even the great continents having played their part in 
the earth *8 equilibrium founder and disintegrate ; the seas become 

1 Koken, E. Indisches Perm und die Permiache Eiszeit. Neues 
JJborh.fur. Mineral. Featband, pp. 446-546, 1907. 
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Bedimented by the passage of time : the face of the earth changes. 
The result of these phenomena is a redistribution of land and 
sea, of plant and animal life leading, in short, to Geological and 
Geographical revolutions. It is about these changes that I 
propose to speak to-day. 

THE BASIS OF PALAEOGEOGRAPHIO KBSTOBATION. 

Before considering the Vindhyan landscape, with which I 
propose to commence, let us for a while examine the basis 
upon which the restorations of ancient geographies are founded. 
The only basis of exact correlation is the occurrence of identical 
species of animal or plant fossils in strata of marine or continental 
origin as the case may be. Our conclusions are true and exact 
in the measure in which our observations and identifications 
are accurate. So much so that when data are reliable it is possible 
to institute exact correlations in strata separated by hundreds 
and oven thousands of miles, and we are enabled then to deter- 
mine the extent of inter-marine communicaticins. Few more 
remarkable instances of this tyi)e could be cited than that of the 
Middle Devonian (Eifelian) faunas of the Shan States and 
Germany which, though separated by several thousand miles, 
are specifically identical and are a clear indication of a free 
marine connection between Southern Asia and Northern Europe.^ 
But the task is not quite so simple and many difficulties 
beset the investigator in this field. There are many anomalies 
which are difficult to explain. The reason perhaps is that the 
most obvious explanations are not always the most reliable. For 
example, whenever the marine faunas in two regions, even in 
close juxtaposition, are unaffined, our first instinct is to inter- 
polate a land barrier, as we have done in the case of the Cretaceous 
Seas of C/cntral and Western India (Bagh Sea) on the one hand 
and Southern India (Trichinopoly Sea) on the other. Referring 
to the accepted contrast between the Bagh and Trichinopoly 
Cretaceous beds Wadia 2 observes that they differ 

* As widely as it is possible for two formations of the same age 
to differ * 

and that this contrast 

‘ Denotes isolation of the two seas in which they were deposited 
by an intervening land barrier of great width, which prevented the 
inter-sea migrations of the animals inhabiting the two seas *. 

Recent identifications of certain Bagh fossils, however, tend to 
show that this land barrier was probably not so effective 
and must have broken down during periods of marine trans- 


1 La Touche, T. H. D. Geology of the Northern Shan States, Mem. 
Qeol. Surv. Ind„ Vol. XXXIX, Pt. II. p. 239, 1913. 

2 Wadia, D. N. Geology of India, p. 207, 1939. 
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gression for among the Bagh fauna occur Protocardium pondU 
cherrienee D*Orb., Cardium {Trachycardium) incomptum Sow., 
Macrocallista sculpturata (Stoliozka) and Turritella (Zaria) 
muUisiriala, which are characteristic of the Upper Cretaceous of 
Southern India. A J^autilus — N. hbechei D’Archiac et Haime — 
from the Cardita beaumonti beds of Sind appears, according to 
Blanford,! ‘Indistinguishable from N, bouchardianus found in the 
upper Cretaceous Arialur beds of Pondicherry *. Our idea of the 
Cretaceous palaeogoography of India therefore needs modifica- 
tion, though perhaps only in detail. 

Differences between the faunas (or floras) of two regions 
need not necessarily indicate a land (or sea) barrier. Variation 
in the physical conditions such as temperature, depth, relative 
salinity, direction or stfength of ocean currents of inter- 
communicating marine regions may be just as effective barriers 
to the migration of marine faunas as land barriers. But our 
knowledge has not yet reached a stage when the effects of these are 
readily traceable in fossil faunas, though the occurrence of ancient 
coral reefs indicating known c onditions of depth and tempera- 
ture, of stunted marine faunas often indicating excess of salinity, 
of the jiresence of boreal elements (modern representatives of 
which inhabit the cold waters) of xerophytic plant types like 
the Lower (Cetaceous species WeicJiselia reticulata 2 indicating 
proximity of arid c^onditions, are often instructive and interesting. 
Similarly differences in the relative heights of neighbouring 
r(*gions may effectively bar the intermingling of floras and if 
these diffcTcnces arc' considerable, as in the case of high mountain 
ranges, sharj^ly defined floral zones may result without the 
interj>olation of actual physical barriers. 

In a certain measure the immediate environment must 
always leave a marked loc'al impress upon faunas and floras, 
but certain widespread or (cosmopolitan types sometimes weave 
a thread of uniformity through the otherwise differing life- 
provinces, though these may be suggestive only of remote connec- 
tions. It is the more characteristic and vertically confined 
typers that are the more useful for palat'ogeographic restoration. 
Thus the Lower Devonian fauna (Hercynian facies) character- 
ized by Tentaculites elegam,^ the Middle Devoiiian faiuia 
tshameterized by Calceola sandalina and its associates, the 
Upper Devonian faiuia with Spirifer verneuili give us clues to the 
intercommuniciition of the seas during those times. The genera 

1 Blamford, W. T. Gecdogy of Western Sind. Mem. Oeol. Surv. 
Ind., Vol. XVII, Pt. I, p. 36. 1878. 

® Salmi, B. The occurrence of Matonidium and Weichsdia in India. 
Rec. Qeol. Surv. Ind., Vol. 71, Pt. 2, p. 166, 1936. See also Gothan, W. 
Jahrb. Preuaa Qeol. Landesanat, 43, pp. 772-777, 1921. 

* 111© question of the age of this Hercynian fauna in the Shan States 
will be discussed in detail later. 
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Ohssopteris and Oigantopieris^ both widespread forms give the 
extent of the continents during Permian times. Particular 
importance therefore attaches to forms that are widespread yet 
confined to certain regions and horizons. 

There is another very important factor which has probably 
been overlooked much oftener than we realize. I incline to 
the view that the supposed effective barriers which have been 
presaged in some cases where faunal differences are manifest 
are probably hypothetical. Such differences may be due to the fact 
that we are not dealing with strictly cmtemporaneous faunas, hut 
mth faunas of varying ages within the same geological system. We 
may even be dealing with faunas that are insufficiently known 
or indifferently preserved so that the extent of affinities with 
other faunas may be exaggerated or minimized because of 
incomplete determination. 

Tlius it is often stated that while the Ordovician fauna of 
the Northern Shan States bears a striking relationship to the 
North European fauna, the Himalayan fauna appears to l>e 
affined to the American Ordovician fauna and therefore it is 
argued that an effective barrier separated these regions. But 
in my opinion this explanation is unsatisfactory, and the 
differences between the poorly preserved Himalayan faunas 
and the Shan Ordovician faunas are probably due to lack of 
absolute contemporaneity rather than to imaginary barriers. 
However, this problem will be further considered later imder 
the Ordovician section. Likewise the greater affinity of the 
Cambrian faunas of Iran with the far Indo-Chinese rather than 


1 The Gigantopteris and Qlosaopteris floras although now in close 
juxtaposition are quite distinctive. It has been claimed that their 
present position is the result of drifting towards each ether of the continents 
supporting these floras (Wegner’s hypothesis of continental drifts). This 
explanation however does not seem altogether satisfactory, for if the sea 
separating them was a narrow one then a fair intermixture would be 
inevitable, which is not the case. If, on the other hand, a wide gec^syncline 
separated the continents then their drift towards each other would lead 
to puckering up of the geosynclinal sediments and a mountain range 
would result. The Eastern Assam and Arakan regions would at hrst sight 
appear to supply the requisite moimtain range. But surprisingly enough 
the Eastern Asscun and Arakan ranges which practicaUy form the 
boundary between the Oloaaopteria €md Oigantopteria floras do not contain 
any Permian or pro -Permian marine sediments; at least such are not 
expend on the surface and we may perhaps conclude that there was 
no wide marine barrier between these palaeobotanical life-provinces. A 
more satisfactory hypothesis therefore appears to be that these floras 
^y in d^erent conti^ous climatic zones, which explains both the 
juxtaposition and distinctiveness of these floras. The palaeobotanical 
data, according to my brother Prof. B. Sahni, clearly indicate that 
the climatic differences between the two provinces are well marked, 
that the QigarUopteria flora is a warm climate flora and that the 
Oloaaopteria flora is a temperate flora, starting originally as a cold 
temperate flora. (See B. Sahni, Joum, Ind, Bot Soc., Vol. XV, No. 5, 
pp. 322-323, 1936, and B. Norin, Geol. Foren Stockholm Forh Bd. 46, 
Heft. 1-2, 1924.) 
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with, those of the Salt Range which lay in the same pathway of 
migration, is in our opinion due not to any impassable land 
barrier but to difference in the relative ages of the Cambrian 
faunas of the first and last named regions. 

Sudden bursts of migration and the apparent mingling of 
faunas of different ages often present baffling problems. One 
cannot cite a more striking instance than that of the Zebingyi 
fauna of the Shan States,^ in which are co-mingled species of 
Monograptns, so typical of the Silurian, and Tentcu^ulitea elegans, 
equally characteristic of the Hercynian (Lower Devonian) facies 
of Southern Europe. The question then faces us, what is the 
age of the Zebing\’i beds — Silurian or Devonian ? for upon our 
reply will depend our conct^ption of the distribution of seas 
during those periods. I shall endeavour to answer this question 
later. 

Often there is wide divergence of opinion in the interpretation 
of evidence which may affect problems of x^^-la^ogeographic 
restoration. Tlius the Namyau strata of the Shan States are 
relegated to the Trias by Frommaget 2 and others working in 
Indo-China, while 1 consider their Jurassic age unimpeachable. ^ 

Of recent discoveries in Burma which affect the problem 
in hand reference must be made to the important find by Clegg ^ 
of certain foraminiferal sediments in the Second Defile of the 
Iirawaddy river. The CVetaceous ^ ago of these sediments was 
proved by my identification of the genus Orbitolina. Apparently 
a single species, Orbitolina birmanica Sahni, is represented. ® 
Reference may also be made to recent finds, during my surveys 
of the Shan States, of ammonite bearing Lower Triassic strata 
(Na Hkyam beds) in the Northern Shan States as well as of 
Middle Devonian rocks ® (Meso bc^ds) in the Southern Shan States. 
The Na Hkyam l)eds constitute the only knovn record of the 
Lower Trias in Burma, while no other Middle Devonian rocks 
are known from the Southern Shan States. 

But since some at least of these discoveries refer to the 
Mesozoic, we are not directly concerned with them here. 

We may now revert to a consideration of the Vindhyan. 

1 La Touche, T. H. 1>. Loc. ct/., pp. 163-170, 1913. 

Frommaget, T. Bull G^ol. Indochiue^ Vol. XVHI, Fasc. 0 , 

pp. 19-20, 30, 1929. 

a Sahui, M. R. Rec. GeoL Surv. Ind,, Vol. 71, Ft. 2, pp. 217-230. 

* Clegg, E. L. G. Rec, Geol. Burv. Jnd., Vol. 72, pt. 4, 1937. 

a Salmi, M. R. Rcc. Geol. Surv. Irid., Vol. 71. 

a I provisionally assigned the topmost Barremian age to this speck's 
on account of its close relationship with Orhitolitia txhetica Cotter. Further 
comparisons appear to indicate much similarity with O. scutum y. Fritsch 
and O. trochus v. Fritsch, of the Ceiioraaiuan. The possibility of the 
Burma orbitolines being Cenomanian cannot therefore be entirely over- 
looked. 

^ Sahni, M. R. Proc. Twenty-fifth Indian Science Congress, Part 
III, p. 114, 1938. 

a /6id,pp. 114-115, 1938. 
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VINDHYAN PANORAMA. 

It would perhaps be futile in the present stage of our 
knowledge to ^scuss the conditions of deposition of the pre- 
Vindhyan strata, for here we are much within the domain of 
speculation. I propose therefore to commence with the probable 
distribution of land and sea in Southern Asia during the Vindhyan 
period which coincides with the first flush of life on the earth, 
over 600 million years ago. Here too, I am afraid, we are on 
no certain ground, for we catch but stray glimpses of this ancient 
panorama, and the efibrt at lestoration is like that of a painter 
endeavouring to restore a terribly mutilated old master. Still 
a clue here and there may be deciphered, or ancient landmarks, 
unmasked by the removal of the overlying mantle of rocks, fitted 
together like a jigsaw puzzle in restoring ancient geographies. 

niSTRIBTTTION, CORRELATION AND CONDITIONS OF DEPOSITION 
OF VINDHYAN SEDIMENTS. 

The belt of Vindhyan sediments constitutes the highlands of 
Central India and extends from the Vindhyachal mountains in 
the west to Behar in the east. North of this belt extends the 
vast Indo-Gangetic plain — ^a trough of geologically recent origin, 
now filled up by masses of alluvium brought down by the Indo- 
Gangetic drainage system. The Deccan plateau forms the 
southern limit of these sediments. 

Lithologically the Vindhyans of Central India are 
characterized by the development of highly coloured sandstones 
with a prevailing red or purple colour, by intercalations of gypsum 
indicating in general conditions of aridity or semi-aridity. 
Limestones occur in the lower part of the succession clearly 
indicating marine conditions. 

It is a remarkable circumstance that the Cambrian strata 
of the Salt Range contain, in the low^er part of the sequence, beds 
which betray a striking lithological similarity to those of the 
Vindhyans of Central India. There can bo little doubt that 
these strata were deposited under identical conditions except 
that aridity was perhaps more marked in the Salt Range region 
than in the Vindhyan.^ 

The recent discoveries of Cambrian strata in Iran (Hormuz 
Series) and their striking lithological similarity with those of the 
Salt Jj^nge is likewise strongly suggestive of the extension of 
similar arid conditions westwards. Fox® lays stress upon this 
view when in reference to the Salt Range he says 


1 Auden refers to the problems of Vindhyan climates and correlation 
(with the Cambrians) m a brief abstract {Internal X VII Oeol. Congress, 
Abstracts, p. 216, 1937). The full paper of which I had the privilege 
of seeing the MS. will, it is hoped, be published shortly. 

* Fox, C. S. Progress Report for 1928. 
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* 1 would definitely connect these Vindhyan strata with those of 
the Punjab Salt Range. My experience in this region is in agree- 
ment with such a connection. The beds of the Salt Range, i.e. the 
Cambrian strata from the Salt pseudomorph beds down to the purple 
sandstone, and in my opinion, the saline series below, represent 
deposits of an arid region in a shallow sea. The same is in general 
true of the upper Vindhyans *. 

In an interesting and imxJortant paper published in 1928 
Fox expressed himself even more emphatically when in reference 
to the ^It Range Cambrian succession he said ^ 

‘All the deposits in this succession are suggestive of marine 
deposits in hot desert regions and thus have geographical re- 
lationship *. 

Auden ^ jfrom his experience of Vindhyan sedimentation in 
the Son Valley concurs in this view. And I think there can be 
no question about the occurrence of identical physical conditions 
in these regions during the periods named. But the crucial 
point we have to decide at the moment is, are the Iranian 
Hormuz Series, the Salt Range Cambrians and the Vindhyan 
strata contemporaneous ? 

Now the only basis of exact correlation is the presence of 
identical species of animal or plant fossils. In the Vindliyans 
of Central India the only fossil remains are circular, possibly 
(originally) lens shaped discs found by Jones ® in 1908, in some 
black shakes near Neemuch. These organic reanains have 
created a stoim of controversy. Jones himself thought them to 
represent Obolella or Chnaria circularise dtiscribed by Walcott 
from the pre-Cambrian rocks of Arizona or possibly the operculum 
of liyolithellvs, Walcott and Resst^r ^ of the Smithsonian 
Institution, Washington, regard them as primitive brachiopods 
related to Acroihcle. Chapman ^ who made a detailed study 
of these fossils thinks they are ‘i)ossibly Atrematons and 
Neotrematous brachiopods’ of early Cambrian or pro-Cambrian 
ago, and creatc^d the genera Fernioria and Protobolella for their 
reception. Howell ® however casts doubts on these views and 
is more in favour of their plant origin. 1 r e-examined ^ Chapman’s 
types and other material and came to th<' conclusion that these 
fossils did not possess any characters which recalled primitive 


1 Fox, C. S. A contribution to the Geology of the Punjab Salt 
Range. Kec. GeoL Snn\ Jnd,, Vol. LXI, Pt. 3, p. 173, 1929. 

* Auden, *1. B. Vindhyan Sedimentation in the S<ui Valley. Mem^ 
QeoL Surv. htd., Vol. LXll, J’t. 2, p. 223, 1933. 

* Jones, H, C. Rec. OeoL Svrv. Ivd., Vol. XXXVIII, p. 66, 1909. 

^ General Heixirt. liec, Qeol, Surv. Jnd., Vol. LX, p. 18, 1927. 

* Chapman, F. Rec. Qeol. Surv. Jnd., Vol. LXIX, Pt. I, pp. 109-120, 
1935. 

« General Report. Rec. Qeol. Surv. Jnd., Vol. LXI, pp. 21-22, 1929. 

^ Sahui, M. R. Rec. Qeol. Svrv. Jnd., Vol. LXIX, Pt. 4, pp. 468-468,. 
1036. 
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braohiopods. I considered their affinities imoertain and therefore 
proposed the family Fermoriidae for them: one specimen — ^the 
only one which looked like one of the Atremata — ^was renamed 
Vindhyanella, 

Dr. Howell in a personal communication to me has expressed 
accord with my views and considers the Vindhyan forms related 
to some similar remains discovered in the United States, in rocks of 
? pre-Cambrian age. Although indefinite comparisons have been 
suggested with early Cambrian forms' none of these organic 
remains from the Vindhyans are related to the fossils from the 
known fossil horizon in the Cambrian of the Salt Range or Iran. 
In the absence of fossil evidence it is impossible to suggest 
any precise correlation of the Vindhyans of Central India 
with the Salt Range Cambrian succession or the Hormuz Series 
of Iran. There is indeed no consensus of opinion whether the 
Cambrian strata in the Salt Range are of Lower or Middle 
Cambrian age, though evidence is now" veering towards the 
latter view. And the supposed Lower Cambrian age of the 
Iranian (Hormuz) strata is now definitely proved to be Middle 
and Upper Cambrian. It would appear that the correlation of 
the Vindhyans with the Salt Range and Hormuz Series was 
tempted by the sup|)osed Lower Cambrian age of these strata 
and their marked lithological similarity supyiorted possibly in 
some measure by the supposed primitive braohiopod afiinities of 
the Vindhyan fossils. But since the only known Vindhyan 
fossils have been shown not to be brachiopods of Lower Cambrian 
affinities or not even brachiopods at all, I think a correlation 
between the Vindhyan and Cambrian strata seems unjustifiable 
though one may certainly concede that the physical conditions 
remained unchanged from the Vindhyan to Cambrian times. 
Moreover, since the Vindhyans are so little metamorphosed, the 
absence of other fossils such as tribolites or pteropods seems 
difficult to explain, especially when the conditions of deposition 
were identical, at least in part. It is in my opinion unlikely 
that if the Vindhyan, the Salt Range and Iranian strata belonged 
to the same province of sedimentation, the one would be so 
bereft of life while the others teemed with it. 


SOUTHEEN AND EASTERN ASIA. 

Let US now examine the conditions prevalent further east, 
in the central and eastern Himalaya, in Burma and China. 

Our ideas concerning the Vindhyans of the Himalayan region 
have undergone much change since Vredenburg ^ suggested that 

* amongst the mountains of Northern India, the Vindhyans are 
represented by the Deoban Series near Chakrata, the Krol Series and 


1 Vredenbuzg, E. W. Geology of India, p. 34, 1910. 
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Infra-Krol of th© Simla area, the Haimanta of the Northern Hima- 
laya, the Attock Series of the Punjab, and a portion of th© Panjal 
System in Kashmir. 

* Of these extra peninsular occurrences, the Attock Series corres- 
ponds more particularly with th© Lower Vindhyan, th© Blrol Series 
more particularly with the Upper Vindhyans. The Haimanta pro- 
bably includes both.* 

The fossil fragments of the genus ? Ghonetes found, according 
to Das-Gupta and Vredenburg,^ in the Kj’oIs near Solon (Simla 
Hills) appear to indicate that they are much younger than 
Vindhyan strata and are probably of about Permian age. 
Auden 2 disagrees with this identification completely (as did 
Hayden earlier) and evtm suggests that the supposed Ghonetes 
from t he supposed Krols is in fact an Oyster from the Subbathu 
series ! 1 have not seen t his Ghonetes and am therefore unable 

to expr(\ss an independtmt opinion on this identification, but in 
regard to th(^ field relations of the bt^ds under consideration, I 
am sure, mj^ colleague’s observations can be entirely relied upon. 
However, th(^ main fact from my viewpoint is that at all events 
the Krols are post -Vindhyan, a view already expressed bv 
Pilgrim and West 3 in 1928. 

We are then left with the unlbssiliferous si^diments variously 
grouped under names Baxa, Jaunsar, Attock and Simla 
slates. Aj’o thest> to b(? correlatt'd with the youngc^st of the 
Puraiia sediments, namely, tlu^ V'indbyans ? Are they even to 
l)e coiTelat(Hl amongst themselves? There is at present no 
sjitistactory reply to these queries, but their coirelation with 
some part ol‘ the Vindhyans ap])ears at least a plausible, even 
though sjK‘('ulat ive hypothesis. It we accept this correlation we 
may visualize the (extension of a northern Vindhyan sea over 
<*(U’tain y)arts of the lessee- Himalayas. This sea probably did not 
exkuid much further north, for Tibcd was then probably a land 
area. In this connection it may be mentioned that the age of 
the Ralam series doubtfully assigned by Heim and Gansser to 
the basal (Cambrian is not pn^cisely known and therefore no 
correlation with the above-named formations can b(‘ suggested 
at this stage. 

Wo may now consider the correlation of the lower part of 
the Hainifinta system witli the Vindhyans. This system 
includes — 

Fossiliferous slates with Olemis . . 1,000 ft. thick. 

Slates and quartzites without fossils . . 300-400 ft. thick. 

1 Das-Gupta, H. (^. and Vredenburg, E. W. Jour. .Ls\ Soc., Bevf^nl, 
N.8. Vol. XIV, p. clxxxv, 1918. 

Auden, J. B. Bee, OeoL Surv, lud,, Vol. LXV, p. 51^6, 1932. 

3 Pilgrim, G. and West, W. D. Mem. Oeol. J^urr. Ind., Vol. Llll, 
]K 3. 1928. 

* Heim, A. and Gansser, A. Central Himalaya. Geological Obsorva - 
tionsof the Swiss Expedition. Deukschr. Schweiz. Xaturforsch. GeselUch.. 
Bd. LXXTTT, Abh. I. p. 202, 1936 

9 
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The Upper division can be correlated with the Olenus zone 
of the European or American Cambrian and the correlation of the 
Lower division with the upper part of the Puranas, i.e. the 
Viiidhyans seems most likely. However Burrard, Hayden i and 
Heron observe that 

‘the relations of the Haimantas to the Parana rocks of the 
Himalayan zone have not yet been worked out and it is not known 
definitely whether there is a gradual and conformable passage from 
the one into the other or whether the lower beds of the Haimantas 
are contemporaneous with the upper strata of the Puranas nor is it 
possible to say at what period the Himalayan zone of the Puranas 
first became a land-surface *. 

Tlie correlation above suggested, however, appears to possess 
an air of justifiable speculation. But if admissible the abnence 
of limestones in the Haimantas which are composed mostly of 
detrital dejxisits and 

‘ the absence of any post-Purana beds among the rocks of the 
Himalayan zone suggests that the present southern boundary of the 
Haimanta dejjosits marks approximately an original limit of deposi- 
tion and consequently the southern shore of the sea in which the 
Haimantas wore laid down * 2 , 

the southern shore in fact of the northern Vindhyan sea. 

The correlation of the Shillong series of Assam, the dialing 
Magyi series of Burma and the Sinian series of China with some 
part of the Purana system has sometimes boon suggested. 
According to Grabau^ the Vindhyan strata are undoubtedly 
referable to the Sinian sysiem. Grabau further considers the 
Vindhyan system to be entirely of continental origin, which we 
now know is certainly not t he case and I am of opinion that his re- 
ference of the whole of the Sinian system t o continental deposit s 
will probably bo negatived by further evidence. W(^ further know 
that limestones occur in the Chaung Magyi scries in certain 
parts of the Shan States mappe^d by Hobson, ^ though no lime- 
stones wore noticed in the area mapped earlier by Lit Touche ^ 
and later by myself.® The vast thickness of the Cliaung Magyis 
is probably of marine origin and their correlation with the 
upper part of the Purana system, i.e., with the Vindhyans 
instead of with the still older Dharwars as advocated by Holland 


Burrard, S,, Hayden, H. H. and Heron, A. M, A sketch of the 
geology and geography of the Himalaya mountains and Tibet. Pt, IV, 
p. 335, 1934. 

2 Ibid., pp. 334-335, 1934, 

« Grabau, A. W. Stratigraphy of China, Palaeozoic supplement, 
p. 423, 1923-24. 

^ Hobfion, G. V. General Report for 1928. 

« La Touche, T. H. D. Mem, Qeol, Surv. Ind., Vol. XXXIX, p. 47, 
1913. 

• Sahni, M. R. General Reports for 1929-1933. 
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or with the Cuddapahs as suggested by La Touche, seems 
plausible. 

The extension of Sinian strata into Manchuria via the 
provinces of Shensi and Shantung indicates the eastward extent 
of the Vindhyan sea. The presence of the Nankou tillite in 
China shows that while glacial conditions prevailed for a time 
near the eastern end of the Vindhyan goosynclhio, arid conditions 
held sway far to the west. Locally, however, in the region 
of Shensi and Honan whore red siindstones occur, arid conditions 
prevailed. The cause of this according to Grabau ^ appears to 
liave been 

* the lieight of the bounding ranges of inouiitauis which supplied 
the sediinonts and the facjt that thoy intoreoptod the moisture- 
bearing winds from the south-east. If this was the cas(\ tlie belt 
of oastc»rly winds must have boon sliifted furtht»r nortliwards at 
that time, than the position which it now holds *. 

We may now attempt to present a more or less connected 
jiicture of tJie Vindliyaii panorama. If it is said that much of 
it is based upon speculative hypothesis, one can only emphasizr^ 
its inevitability considering the paucity of evidence. 

The Vindhyan sediments in the Central Indian region 
indicate a stm extending from the Vindhyan mountains in the 
west to as far as Behar in the east and this 1 propose to call the 
‘South Vindhyan sea’. The marked overlap of the sediments 
northwards indicates the approach of land and the Indo-Gangetic 
alluvial region was probably then a land area. That life had 
already dawned is shown not only by the presence of such 
genera as Fermoria or Vindhyanella bub also by the presence of 
glau(*onite which, according to various authors is a sure sign 
of organic existence. During this period arid conditions 
prevailed. 

No rocks which can he correlated with the V'indhyans liave 
been found in Iran and the intervening region as far east as tlu^ 
Salt Range, except the Kalu series of Afghanistan which, 
according to Hayden recall the Haimantas. One can only 
suggest the probable occurrence of Vindhyan strata in this area. 
In this west(*ni region then Me can only speculate upon 
the occurrenct^ of marine conditions, but in regard to theii* 
continuation eastward along the Himalayan region, through 
Assam, Burma, the provinces of Shensi, Shantimg and Manchuria 
in China, we are perhaps on a more sure footing, and w’e may 
grant the existence of an ancient geosyncline harbouring a 
northern sea in Vindiiyan times. But in the present stage 
of our knowledge who would attempt to define more precisely 


1 Grabau, A. W. Loc. cit., p. 15, 1923-24. 

2 Hayden, H. H. Geolegy of Northern Afghanistan. Mem» Oeol. 
Sun\ IfuL, Vol. XXXIX, Pt. 1, p. 23, 1913. 
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tho boundaries of this northern sea and its probable cx)nnection8 
^ith the South Vindhyan sea of the Central Indian region ? 

CAMBRIAN PALAEOGEOGRAPHY. 

EXTENSION OF THE CAMBRIAN SEA TO WESTERN ASIA. 

Recent work has necessitated far-reaching changes in our 
(conception of the Cambrian palaeogeography of Asia which I 
would now like to bring to your notice. It was at one time be- 
lieved that the genus Redlichia was confined to eastern Asia and 
that it did not occur in any other part of the world. It was like- 
wise hold that in the Asiatic region, Cambrian strata were confined 
to eastern and southern Asia. We now know that Cambrian 
strata as well as the genus Redhchia are widely distributed in 
westein Asia having been found at numerous localities in Iran. 
Tlie statement that ‘oiu* ignorance of the existence of any 
Cambrian beds in Persia (Iran), Asia Minor or north-east Africa 
prevents any definition of the boimdarios of the Pacific province 
in the region to the west of India ’ ^ thus needs emendation in 
important respects. Further evidence might show — indeed 
there apjKjar to be indications in that direction — that tlje barrier 
which is believed to have ‘effectually checked the free inter- 
migration of the typical European and Asiatic faunas in this 
direction (w^est of India) during Cambrian times * was probably 
not completely effective, as belie ved,2 Jjut peimitted slight, V(^ry 
slight, intermingling far in the west. 

The extensive occurrence of thick deposits of Middles and 
Upper Cambrian ages in Iran has been proved within recent 
years by the geologists of the Anglo-Iranian Oil Company.^ 
Fossiliferous Cambrian strata have similarly been recorded from 
as far west as the shores of the Dead Sea. Indeed this record 
dates as early as 1910 when Blanckenhorn ^ announced the 
occurrence of a representative of the genus Ptychoparia ® in that 
region, but it appears to have been lost sight of. The occurrencti 
of representatives of the Middle Cambrian Hormuz Series on thc^ 
islands off’ the piiate coast of Oman and probably also on the 
Arabian mainland has similarly been proved. These are impor- 
tant discoveries. Of no less significance is the identification of 


1 Keod, F. R. C. Rec, GeoL Surv, Jnd,, Vol. XL, Pt. 1, p. 15. 1910. 

^ Ibid,, p. 16, 1910. 

3 Bdckh, H. de, Lees, G. M. and Richardsoii, F.D.S. Contribution 
lo the Stratigraphy and Tectonics of the Iranian ranges {in Gregory, J. W., 
Structure of Asia, 1929). 

* Blanokerihom, M. Zeitschr. Deutsch, Geol. GeaeUsch,, Bd. LXII, 
pp. 410-13. 

^ King, W. B. R., remarks that this form which suggests relationship 
with Protolenua may be identical with his Anomocare campbdli {vide 
Geol. Mag,, Vol. LX, p. 514, 1923). 



(13) 


Section IV, Geology. 


13a 


Paradozides irom Palestine^ by Blanckenhorn which even suggests 
some connection of the Middle Cambrian sc^a (which we 
now know extended from the Rocky Mountain region of 
western America across eastern Asia, the Himalaya, Salt Range 
and as far west as the Dead Sea) with the European Middles 
Cambrian Sea, of which Paradoxides was the dominant genus. 
This view was indeed suggested as long ago as 1915 by 
Dienmann ^ but did not receive suificient notice. In this 
connection it may be remarked that according to King ^ the 
species Anomocare aimphelli described by him from the Dead 
Sea region is closely allied to a British form, Anomocare platy- 
ceplialum and probably indicates marine inter-communication. 
While, therefore, it is ti*ue that ‘no Mediterraiu^in or ancestral 
tethys is proved by palaeontological evidence to have then been 
established, and tlie dissimilarities between the nearest European 
faima and tliat of Spit i and the Salt Range are th(U (»for(^ marked 
the occurrence's just mentioned provide additional proof of alight 
intermingling of the European and Asiatic seas. 

We may now consider the evidence for the extension of thi' 
(Middle and Upper) Cambrian seas from Spiti to the Sfi It Range 
and bf^j’ond into Peisia and Palestine in gn^ater detail. 


THK SAJ.T RANGE CUMBRIAN. 

EAST ASIATIC (iN OO-CHINKSE) AFFINITIES OF THE IRANIAN 
CAMBRIAN FAUNAS. 


The generalized Cambrian succession in the Salt Range is as 
follows : — 


Salt pseudomorph shales 

Magnesian siindstonc 

Neobolus shales 
Purple sancistoiuvs 
Salt marl 


\'^ariegated flaggy beds of prevail- 
ing purple or green colour. 

White or green sandstones, often 
dole mi tic. 

FossiliferoiLs grey or dark shales. 

Red or purple .sanflstones. 

Loose red earth or marl with salt 
and gypsum. 


In an important paper published under the authorshi}) of 
Bockh, 1x^)8 and Richaidson ^ it is stated that 

‘ the salt plugs of the Persian Gulf are overlain hv purple sand- 
stonofl, sandstones oontnining salt * psoudoinorph'^ ’ ami sandy 
dolomites and shales containiiig Cambrian tnlobites . . . . 


^ Dienmann, W. Centralbl. fur Min. OeoL uud Palaeont., Uol. XVI, 
pp. 23-0, 1915. 

* King, W. T3. H. OeoL Mag,, Vol. LX, p. 511, 1928. 

* Cobbold, E. S. Quart. Jour. Oeol. Soc., Vol. LXXVl, pp. 339 I, 1929. 
^ Rcsed, F. H. C. Rec. Geol. Surv. Ind., Vfd. XL, Pt. 1, p. 15, 1910. 

* Loc. cit., p. 84, 1929. 
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Tht^ soquaiice given above, showing the purple sandstone iniine> 
diately overlying the Hormuz salt, corresponds with the salt Range 
succession * 

Pilgrim’s assignation of the Hormuz Series to the Jurassic ^ is 
of course entirely erroneous. The correlation of the Salt 
llang(i and Iranian Cambrian successions may therefore be 
considered established, but this correlation can only be a 
general one for the description of the Iranian and Salt Range 
Cambrian trilobites published 2 in recent years does not indicate 
close affinity between them, though it must be admitted that the 
number of species recorded is not large. The most noteworthy 
point therefore is that the Cambrian faunas of Iran are not related 
to those of Spiti or even the Salt Range but, on the contrary, as 
we shall presently see, they are closely related to East Asiatic, 
that is, Chinese and Indo-Chinese faunas. Relationship with 
Indo-China is especially marked by the presence of the genus 
Billingsella, the Iranian representative of which may be identical 
with B. tonkiniana from Indo-China. Lack of time prevents me 
from giving a detailed analysis of the faunas of these regions, but 
referL‘nce can be made to the works of Waagon 2, Redlich,^ 
Walcott 5 find to the more recent })apers by King 

AFFINITIES OF THE CENTRAL HIMALAYAN CAMBRIAN FAUNA. 

In order to complete the picture I may now' consider the 
Himalayan Cambrian. The evidence so far recorded establishes 
west American affinities for the Spiti Cambrian faunas. Tlje 
Spiti species of Anornocare and Ftychoparia are allied to 
Americjan forms, while the presence of such genera as 
Zacanthoides, Oryctocephalus and Eocystis in both regions is 
notewTirthy. It is, how’ever, equally remarkable that the 
Spiti Cambrian fauna is less affined to the nearer Chinese 
than to the American faunas, though the occurrence of the 


1 Dra. Hockh, Lees and Richardson, in their paper just rofbrred to, 
state that the Iranian ("aiubrian sequence (Hormuz Series) as given 
by them does not agree with that given by Pilgrim in his latest Memoir 
{Mem. Geol. Sitrv. Ind,, Vol. XLVUl, Pt. 2, 1935). Surprisingly enough 
Pilgrim referred the Hormuz Series to the Jurassic apparently on purely 
hyj)othetieal evidence, rather than to the Cambrian, and seems to have 
missed the ff)ssil evidence completely. We may therefore reasonably 
accept the Hormuz succession as given }>y the first named authors rather 
than Pilgi'im’s. 

^ King, W. H. K. Pnl. Jnd., New Scr.. Vol. XXII, Mem. No. 5, 
1937. 

3 W’aagen, \V. PaL Ind., Ser. XIII, Vol. I, 1887; ibid., Vol. IV, 
1891. 

4 Hodlieli, K. Pal. Ind., N.S., Vol. I, Mem. No. 1, 1901. 

® Walcott, V. D. Proc. Washington Acad. iSc., Vol. VII, pp. 261-256, 
1905. 

« King, W. B. R. Hee. Geol. ,Surv. Ind., Vol. LXXV, Professional 
paper No. 9, p. 40. 



( 16 ) 


Section I F, Geology. 


135 


Chinese genus Shantvngia in Spiti (apart from Redlichia) shows 
that free communication existed between these regions. The 
presence of many cosmopolitan genera like Agnostvs^ Microdiacvs, 
Anomocare and Ptychxyparia further emphasizes this connection 
though loss importance is usually attached to such t3rpes. 
Tlie occurrence of Oleum at Spiti further indicates a northern 
connection of the Himalayan Cambrian sea with the European 
sea, but with that we are not here concerned. 


FAUNAL ANOMALIES AND THEIR PROBABLE EXPLANATION. 


One fact of great importance which thus emerges is the 
marked divergence of the M. Cambrian faunas of Iran, the Salt 
Range and Spiti. The affinities of the Iranian Cambrian faunas 
with th(' far Chinese and Indo-Chinesi^ to the exclusion of those 
of tlie Salt R^inge and Spiti raise some important questions 
concfu’nijig llu^ loutcis of migration of these faunas and their 
inter-relationship. How are we to reconcile tlie diverging 
affinitic^s of the Cambrian faunas of these regions ? Does this 
divergiMice postulate th(» occurrence of physical barriers or is 
it capable of some other explanation? L(‘t us for a moment 
examine the position. 

This div(>rgen(ie suggests at first sight that the route of 
migration of the M. Cambrian faiuias to Iran did not lie across 
the Salt Range region. Two alterimtives are possible. Firstly 
it may be suggest(*d that there was an indepcuident connection 
between th(^ Iranian and C/hinese regions. There is however no 
evid(*nce of this. Therefore the solution probably lies in the 
second alternative that so far as the M. Cambrian is concerned, 
the apparemt discre])ancies between the Iranian, Spiti and Salt 
Hang(^ faunas are ])roba.bly due to differences in horizon within 
the ('ambrian series, rather than to absence of direct com- 
munication betweim tlu^se regions. 

TJiis view is also suggcjsted by recent work as a result of 
which it has been (established that tlie follovung succession of 
faunas occurs in Iran - 


4. Saukia fauna 
3. Ohnaugia fauna 
2. Irania fauna 
1. Redlichia fauna 


High U. Cambrian. 
Low TJ. Cambrian. 
Highest M. Cambrian. 
Basal M. Cambrian. 


According to this view the Salt Range Cambrian corresponds 
approximately to horizon I. of M. Cambrian age where also the 
Redlichia horizon of Spiti belongs, while still higher beds in 
the Himalayan Cambrian probably fit into the gap Ixdween the 
Redlichia and Irania faunas of Iran. 


1 King, \V. H. R. FaL Ind.^ New Ser., Vol. XX If, Mem. No. 5, 
1937. 
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No Upper Cambrian strata have been found in the Salt 
Range. It may thus be maintained that in Upper Cambrian 
times the sea retreated from the Salt Range while it still persisted 
in Iran where the Sauhia and Chmngia faunas then flourished, 
and probably also in the Central Himalaya where Olenns occurs 
and shows a northern connection with the Upper Cambrian 
Olenus sea of Europe. But if a post Middle Cambrian barrier 
(in the region of the Salt Range) separated the sea in Iran from 
its eastern continuation, we cannot expect to find the Iranian 
Upper Cambrian fauna afiined to faunas further east of the 
Salt Range unless the barrier was of short duration. Such 
afl&nities, however, do exist and suggest communication via the 
Himalayan region. 

The discoveries of Cambrian trilobites in Kashmir b}’^ the 
Yale North India expedition and by Wadia ^ appear to lead 
in a remarkable manner to this conclusion, for Cowper Reed 
has recently described the Upper Cambrian genus Chuangia 
{torn Kashmir 2. It defines the basal Upper Cambrian 
horizon in Iran. This genus is thus common to Iran, Kashmir 
and Indo-China, and therefore the Kashmir region forms a 
definite link between Iran on the one hand and Indo-China 
on the other. The same is true of the Middle Cambrian. From 
Hundwara (Yale expedition collection) Kobayashi^ has described 
a species of Agnostvs which he compares with A. rakvrdevses 
from Chosen in China. The form descTibed by Rtod from Spiti 
as Ptychoparia memor has also been found in Kashmir though 
referred by Kobayashi to Anomocarella^ and is compared with An, 
megaVums Dames, from Tonkin. More important still, the cliarae- 
teristic Indo-Chinese genus Tonkinella is now recorded from 
Kashmir 5 in the sj)ecies T. breviceps Kobayashi. The occurrence 
of species of Avomocare and ComHxnyphe in Kashmir which 
are closely allied to the Indo-Chinese species is likewise of great 
interest and emphasizes marine connection betw een these regions. 
The genus Bedliskia has, however, not twHui found in Kaslimir. 

EASTERN ASIA. 

!^8t and south-east of the Central Himalayan region there 
is a big gap for no Cambrian strata are known eitlu^r in Assam, in 
the Arakan Yomas or even in Burma proper. 


1 Wadia, D. N. The Cambrian -Trias secjiieiice oi North-Western 
Kashmir. Rec, Geol, Surv, Ind,, Vol. LXVIIl, Pt. 2, pp. 137-142, 1936. 
Reed, F. K. C. Loc, dt,, p. 18, 1934. 

3 Kobayashi, T. Amer, Jimru, Sc„ Ser. .5, Vol. XXVJl, pp. 295-302, 


4 Reed, F. R. C. FaL Jnd„ Her, XV, Vol. VIT, Mem. No. 1, 1910. 

13 1 T PP* ^“‘®* See also Reed, 

Pal, Iiyi . , N.S., Vol. XXI, Mem. No. 2. p. 9, 1934. 
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The eastward extension of the Cambrian sea is, however, 
proved by the occurrence of Cambrian fossils in Yunnan ^ (genus 
Meaonachia) Indo-Cliina 2 (genera Coosia, Ohuangia, Billingsella, 
etc.) and China. It was thought that the Chinese M. Cambrian 
possessed a marked local impress * suggested by the genera 
Damesella, Drepanura and Blackwelderia. In a paper by King ^ 
now in the press tlie probable occurrence of Blackwelderia in the 
Salt Range is noticed, and this is not without significance. 

Tlie discovery of Chvangia in Kashmir indicates clearly that 
the westward migration of Indo-Chinese forms lay along the 
Himalayan region, that discoveries of new horizons must be ex- 
pected and that the supposed discrepancies bet ween the Cambrian 
faunas of neighbouring regions (when thow of distant areas are 
related) are probably due to slight ditferences in horizon of these 
faunas. Likewise the identification of Blackvmlderia in the Salt 
Range suggests that much more reimiins to be done before we 
can explain the divergences of faunas by reasons other than by 
the absence of detailed information. 


HKCENT EVIDENCE BEAIUNG OJS CAMBKIAN PALAEOUEOORAPHY. 

We have seen that there is no certain record of the Lower 
Cambrian in Iran, unless the rocks at Kuh-i-banan and Kuh-i- 
dinar are so n^garded, and that in all probability this horizon is 
missing also in the Salt Range. Further oast, too, no Lower 
(^ambrian strata, are nu't with till we reach the Indo-Chinesii 
region. We nmy thendore conclude, on tin* evidence at present 
available, that the Lower* Cambrian in southern and western 
Asia was dominantly a continental period. Grabau, as also 
some of the earlier author’s, how'evtU’, regard the various Redlichia 
horizons as Low'’or Cambr ian and in palaeogeographic^ maps the 
IjOW'cr Cambrian sea is shovni to c'xtend from China to as far as 
the Salt Range. Since Redlichia has now' also been found in 
Iran th<‘ Lower* Cambrian mni would according to thest^ view^s 
extend into W(*stor*n A.sia. More recent studies, however, regard 
the Redlichia horizons as basal Middle (Cambrian, or |x>ssibly 
topmost Ixrw'er Cambrian. But the range of this genus may 
well be much greafr^r than we suspect. 

Tire Middle Cambi*ian was a period of widespread marine 
t ransgression and tlui Middle Cambrian scii extended from 
north-west America to w’estei'n Asia, as far perhaps as the* Dead 
Sea. 


1 MauBuy. H. Mew, i>eri\ GeoL Indochine^ Vol. T, fast*. 2, 191*2. 

2 JbifL, Vol. IV, fast*. 2. 1915. 

2 Grabau, A. W. Stratigraphy of China, p. 28, 1923-^4. 

* King, W. B. H. Rec. GeoL Vol. EXXV, Professional 

paper No. 9, 1940. 
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With the exc5eption of the Salt Range area, the evidence of 
the Upper Cambrian faunas shows the perpetuation of Middle 
Cambrian marine conditions into Upper Cambrian times. But 
the close affinities of the west and east Asiatic faunas (Iran and 
Indo-China respectively) are strongly suggestive of a continuous 
passage, even though there was a temporary retreat of the Upper 
Cambrian sea from the Salt Range area. 

As will appear presently, at the close of the Upper Cambrian 
period the sea retreated entirely from the region west of the 
Central Himalayan area. 


ORDOVICIAN. 

RETREAT OF SEA FROM WESTERN ASIA. 

Towards the close of the Cambrian period a great change 
came over the western Asiatic region. The sea which, at least 
during the Middle and late Up^x^r Cambrian times girdled the 
eartli from the Mediterranean region to the western shores of 
North America! receded fr om the region of the Dead S(*a, Iran 
and tire Salt Range, for no Ordovician or Silurian strata liave so 
far lx>en found in Tran, Afghanistan, Beluchistan or the western 
Himalayas. Thescr areas thus became dry land. Indeed the 
whole of this region remained a land area till the Middle Devonian . 
In M. Devonian times a world-wide transgression gave rise to 
marine conditions once again and the seas flowed westwards 
over tlur site of the Cambrian geosyncline and broke through 
to mingle with the Middkr Devonian sea of northern Europe. 

THE PUZZLE OF THE HIMAI.AYAN AND SHAN ORDOVICIAN FAUNAS. 

One of the most important and intriguing problems of the 
Ordovician of southern Asia is the anomalous position of the 
Himalayan and Burmese Ordovician faunas. Considerable 
emphasis is invariably laid on the fact that while the Burmese 
faunas are more closely allied to those of Europe, tlie Himalayan 
forms show American aflSnities. 

Thus acjcording to analyses by La Touche and Cowper Reed 
as many as sixty-six j)er cent of the Northern Shan State 
Ordovician species possess European afiinities (10 being identical 
to the two regions), while only about twenty-seven per cent are 
related to American forms. On the other hand, as many as 
forty-two per-cent of the Himalayan Ordovician fossils are 
beli()V(^d to possess American aflSnities, though none of the species 
are common to these areas. The contrast l>etween the Hima- 
layan and Burmese faunas is equally well marked, for only 11 out 
of 124 Himalayan species are allied to Shan States forms and only 
three forms are identical in the two regions. The composition 
of tlje Himalayan and Shan faunas is also totally different, for 
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while Cy»tideans and Trilobitos predominate in the Shan faunas, 
Molhisca, Brachiopods and Corals form the leading elements in 
the Himalayan fauna. We are thus once again face to face 
with the same problem that we meet in the case of the Cambrian 
faiuias of Iran, the Salt Range, Himalayas and Indo-China. 
The Shan States Ordovician faunas lie along the route of the 
westward invasion of American faunas. How was it, then, that 
this invasion failed to leave an impress upon the Shan faunas 
while it gave the far Himalayan faunas their dist inctive American 
stamp ? The absence of American types, still further east or 
north-east, that is, in Burma and China, along the probable 
route of migration is no less a puzzle. And if it is sought to 
e^lain this anomaly by postulating an invasion from the south, 
via the n^gion of the pr<‘sent Indian Ocean, then the absence 
of American species in the neighbouring regions still remains 
unexplained. 

Tlie American affinities of the Himalayan faiuias when thost^ 
of tlu^ 8han faunas are Europtuin as well as the striking contrast 
in th(‘ir composition, havt^ suggested the presence of barriers 
lxdw(H)n the two n^gions. Howeve r, to any one familiar with the 
state of preservation of the Himalayan Ordovician fossils it seems 
obvious that too mucli (‘luphasis has Ix^en laid upon their apparent 
American affinities, and Huffiei(»nt cognizance has not been taken of 
the fiict that wo are ])robably dealing with varying horizons. 
CcTtain authors ev<ai b(dit»v(‘ that this apparent similarity is due 
to parallel evolution. R(‘e(‘nt fossil diseoveries in the Soutliem 
Shan Slates, aecouiits (»f whieh have bt*en published by Rc'od,^ 
seem to support the formcT hypothesis. 

An analysis of the Soutlunii Shan Stat<‘s faunas shows that 
most of the forms are new. And whik^ tiie proportion of forms 
related to Eui'op<*an s])ecu\s is eom])arativeIy large the fauna 
also possesse.s d(‘cided American affinities, though no distinctive 
American species occur. Tlu\se fresh discoveries appear to 
indicate* that vhile the EiJro]Kuin element in the Shan faunas is 
predominant it is not such in every case, the Southern Shan States, 
for example, as so completely nuisk the American element. 
One may therefore venture to .suggest that mv. are not dealing 
vs'ith identical horizons and that the exact equivalents of the 
Himalayan Ordovic'ian still remain to be discovered in the eastern 
region. Indeed the available evidence scents indirectly to point 
this way, for in the Himalayas strata of Upper Ordovician age 
are abseiit and onl}" Middle Ordovician horizons are known. 
In the Northern Shan States, according to Rood,^ only the Lower 
Ordovician is represent ( hI or rather the Lower Ordovician is 
definitely known, but higher horizons (stage C of the Baltic 
region) are probably present . The Nyavmgbaw limt^stono of the 


^ F. il. Vn!, hifJ., N«nv Ser., Vul. XXI, Mem. No. 3, 

Paf. fnd.f N(*w Sf»r., H, Mein. No, 3, pp. 83—80. 
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Northern Shan States is of course of Upper Ordovician age and 
Schuchert concurs in this view on account of the occurrence of 
Carmrocrinus asiaticus in it. In the Southern Shan States the 
Ordovician is repn^sonted by the Middle division, possibly also 
the Upper. 

Another ix)int to consider is that while there is an extensive 
development of the Orthoceras limestone in the Southern Shan 
States, these limestones are hardly known in the Northern Shan 
States. These limestones are correlated with the Orthoceras 
limestones of Yunnan and the Nechiasan formation of Hupeh 
which are of M. Ordovician age as are also the Orthoceras 
limestones of S. Manchuria, Karakorum, Sweden and the 
Vaginatenkalk of the Baltic region. 


EASTERN ASIA. 

Rocks of Middle Ordovician age are known from western 
Yunnan, but this formation appears to be entirely absent from 
eastern Yunnan. Tlie western Yunnan ^ faunas however 
differ remarkably from thost' of the Shan States, for whereas 
graptolite horizons are extensively developed in the Yunnan 
Ordovician, theses are not represented in the Nauugkangyis, 
though a f(‘w species are common to the two regions. The 
liorizon ropresented in Yunnan is the zone of Didymograptvs 
murchisoni or Upper Llandolian. A still higher horizon, (equi- 
valent of the Nyawmgbaw Limestone of the Shan States is 
represented in the Shih-tien beds in which Caniarocrinvs asiatievs 
occurs. 

The Ordovician of Indo-China is of great interest, for although 
it is related to that of wtjstern Yunnan, it contains the spc^cies 
Calymene douvillei Mans, and Uafinesqmna mnhrella Salter of 
which the former is clo.sely related to the Hiumlayan C. nivalis 
Salter >vhile the latter actually occurs in the Hiimilayan Ordovi- 
cian beds. In Annam the Asaphvs sandstones represent the 
Ordovician, and, like the Tonkin beds, are of late Ordovician 
age. They contain such characteristic forms as Orthis 
budleighensis Dav. and Strophomena, expansa Sow. of the north 
European seas. 

Important changes took place in eastern Asia during late 
Upper Ordovician times. There are no uppermost Ordovician 
fossils foimd in the whole of the Chinese region which became a. 
land area after the close of the Middle or early Upjier Ordovician 
times. Lower and Middle Ordovician hiunas are known from 
various parts of China and while the boreal facies prevails in 
thf‘ north, Euro})ean forms are dominant in central and south- 
western Cliina, as in Upper Burma. 


^ RrHMl, F. R. (' Pal. Inri., Now Hot., Vol, V. Morn. No. :i. 
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The absence of the highest Ordovician stiata in eastern and 
southern Asia is evidence of a break of considerable magnitude 
and of the shrinking of the Ordovician seas of these regions. 
During the Middle Oidovician, however, marine waters spread 
over parts of northern as well as southern ('hina, Yunnan, Upper 
Burma (Shan hinterland) and sweejung south of the Tibet^an 
plateau extended at least as far as the Central Himalayan region, 
where the Shiala Seritjs i and their i^quivalents were deposited. 
West of this, the great Cambrian geosyncline which extended 
along th(^ western Himalayas and the Salt. Range and Iran had 
already slmuik out of existence and western Asia had become 
a land area. 


WAS TIBET AH ISLAND ^ 

We have w^en that tlu^ Central Himalayan Middle Ordovician 
faunas possess an American impress, though I believe that this 
aspect of their affinities is often exaggerated. We have also 
laid emphasis on the fact that the probable route followed by 
thesf' faunas is luiknowii and is still one of the puzzles of Asiatic 
geology. The palaeontological evideneo so far available suggests 
only a single pathway for the east ward migration of the Ordovician 
faunas, namt*ly, via the main Himalayan geosyncline south of 
the Tibetan plateau region, for th(‘re is no record so far of 
Ordovician strata north of this area. Tin* American geologist 
Baik^y Willis^ in discussing the distribution of land and sea in 
(Central and eastern Asia, however. (*omes to the conclusion based, 
presumably, upon tc'ctonic evidence that west of the Tibetan 
region the great Himalayan tethys forked into two branches: 
th<‘ main or Southern Tethys swwping the soutliern shores of the 
Tibetan plattmu and a lesser or Northern Tethys flanking this 
region on the north so that the Tibetan region stood as an island 
in this sea. This is designated Isle Tibet by Bailey Willis, 
llie Southern Tetliys, of course^ corrc'sponds to the universally 
accepUnl Himalayan Tethys founded upon palaeontologi(*al and 
stratigraphic evidence. 

It is as yet too early to suggest whether the isolated character 
of the Hpiti Middl(‘ Ordovician fauna with its American phase 
<»an be explained ui)on the basis of this northern ocean highway, 
for geologists have accepted only the single, Southern Tethys. 
But the tectonic evidence upon which the Northern Tethys is 
apparently based is of considerable interest. 

In this (‘onnection, however, the remarks made by Burrard, 
Hayden and Heron ® may be quoted. They say, ‘having regard 

^ Heim, A. and Oansser, A. Devhschr. Schvwiz. Naturforsch. 
Oeselhch,, Bd. LXXIII, Abh. I, p. 203, 1936. 

2 Bailey Willis. Research in Chinn. Systematic Oecdopj', Vol. II, 
pp. 36-69. l‘907. 

» Loc, p. 33S, 19.34. 
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to our ignorance of the geology of the greater part of Tibet, we 
can oifer no direct observations bearing on this question; but 
if we turn to north-eastern Ladakh, we find Palaeozoic rocks 
exposed in the neighbourhood of Changchenmo and Pangong 
Lake, and if, as appears to be the case, the trend of these bods is 
the same as that of the rest of the Tibetan zone in Kashmir, 
Spiti and Kumaon, we should expec?t to find them well to the 
north of the head-waters of the Indus and Brahmaputra in 
western and central Tibet. We are, therefore, inclined to 
believe that Palaeozoic beds do occur in the great lake-basin of 
central Tibet. They may possibly be hidden by the younger 
(Mesozoic) deposits . . . but it may n^asonably be expected 

that they will be found to crop out here and there, and thus 
prove that the sea in whicjh the Dra vidian (Palaoozoi(i) rocks of 
the Tibetan zone were laid down was not, as has been assumed, 
merely a strait conneciting eastern and western Asia, but 
extended northwards over the greater part of Tibet/ 


INVASION OF THE EUROPEAN ORDOVICIAN FAUNA 
INTO SOUTHERN ASIA. 

Very little indeed is known concerning the route followed 
by the European Ordovician faunas during the course of their 
invasion of the south Asiatic region. But it is a remarkable 
fact, one that demonstrates the accuracy and fineness of palaeon- 
tological correlation that some at least of the graptolite zones of 
the British Ordovician (Didymograptus murchisoni) ^ the fine 
development of the Orthoccras Limestone of ISw(iden and other 
Baltic lands, and such characteristic Caradoedan species of 
western Europe as Orthis calligrammM, Orthis vespertiliOy 
Dalmanella testudineria, Plectamhonites sericeaj Strophmmna 
expansa have also been recorded eithei* in the Ordovician 
strata of the Shan hinterland or Yunnan or southern China. 
Wo have unfortunately no record of Ordovician strata north 
or west of the central Himalayan region till we meet the 
Ordovician strata of western Europe already referred to. We 
can therefore but speculate on the marine connection betwtion 
the Indo-Burmoso region and Europe, but it probably foUowed 
a north-westerly course from the central Himalayas to the 
present Baltic; region. In this connc'ction I must refer to the 
find of graptolites i (genus Wiplograptvs) made by Harrison and 
Tait, of the Anglo-Iranian Oil Company, “ at Furgun, 50 miles 
west of Bandar Abbas, close to the front of the zone of Nappes 
This find if confirmed possesses considerable significance where 
the migration of Ordovician faunas is concerned. 


i Bockh, H. do, Lees, G. M, and Kichardson, F, D* S. Op, oit„ foot- 
note, p. 69, 1929. 
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SILURIAN. 

LOWER SILURIAN TRANSGRESSION IN THE INDO-BURMESE AND 
CHINESE REGIONS. 

The close of the Ordovician or early Silurian marks a period 
of profound marine transgression over India, Burma, Indo-China, 
Yunnan as well as central and southern China, indeed this 
transgression which appears to have reached its zenith in 
Wenlock times, aififectod the European continent as well as 
north America: and ‘one common Silurian ocean seems to have 
spread round the northern hemisphere'. ^ But with the extra- 
Asiatic aspects of this problem we are not here concerned. 

No Silurian strata have been found in the Asiatic countries 
west of the Himalayas and therefore the extension of the 
Himalayan Tethys into Afghanistan, Beluchistan and Iran is 
uncertain. The first strata of this ago that we meet in that 
direction are in the Mediterranean region. It may be mentioned 
that the sarnc^ remarks were ai>plicable to the Cambrian (except 
for its occurrence in the Salt Rang(^) till the discovery in Iran 
of extensive deposits of ^Middle and Upper Cambrian ages. 

THE HIMALAYAN SILURIAN, 

Our knowle<ige of the Silurian strata of the Himalayan 
region has not increased during recent years even though con- 
siderable (exploratory work has been carried out by Wadia, 
Arnold Heim, West, Auden and others. The old collections 
upon a study of which the main conclusions concerning the 
relationship of the Himalayan Silurian faunas were based still 
remain pra(;tically unsupplemented by fresh discoveries, which 
leaves, it ncxxl hardly be said, a big lacuna in Himalayan 
palaeontology. 

The Silurian rocks of tht^ Himalayas belong entirely to Ihe 
Lowcjr Silurian division, being represented by the Llandovery 
and possibly also by the Wenlo< k. The pr(\sumcd Upper Silurian 
age of some of Ihe Himalayan beds api)ears to be uncertain. 
There is here as inde(‘d everywhere in Asia a profound break in 
the marine depositional histor}" so that the Middle Silurian is 
either entirely absent or is represented only by terrestrial deposits, 
as in parts of America, where this division constitutes the well- 
known 8alina formation. 

The Himalayan Lower Silurian fauna presents interesting 
affinities which throw much light on the palaeogeographic 
relationships of that period. This fauna is composed of (a) species 
which are confined to the Himalayas, (5) species that are either 
identical with or allied to north European forms and (c) an 
admixture of species allied to American forms. 


» Koed, F. R. 0. Rec. Qeol Surv. Ind., XL, p. 26, 1910. 
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La Touche has attempts a percentage analysis of this 
fauna and comes to the conclusion that the Himalayan Silurian 
(.ontains an almost equal proportion of American and north 
European forms, fifty-one and forty-nine per cent respec- 
tively, to be more exact. ^ It will be remembered that in the 
case of the Himalayan Ordovician this proportion according to 
the same authority was 42 'per cent to 25 per cent, which means 
a predominating American element. In this connection it may be 
pertinent to remark that while in the case of the Ordovician 
fauna the analysis was based upon 124 species, only 35 species 
were available for the Silurian. We cannot sufiSciently emphasize 
the fallacy of such comparisons and analyses where the collec- 
tions are inadequate, the fossils far from well preserved and 
where in consequence it is impossible to adjudicate the relative 
degree of their affinities. That this is not a hasty verdict may 
be shown by the fact that Keed, who published the studies on 
these Himalayan fossils, assigns predominantly north European 
affinities to them. The large number of (morals in the Himalayan 
Silurian in comparison with the Burmese Silurian, however, show' 
distinct American affinities and among them one form appears 
almost identical with Favosites niagarevsis Hall, from thc' 
American Silurian. 

The Silurian fonnation in Kashmir must be assigned to tlu‘ 
Lower division ,2 namely, Llandovery, on account of the presencM^ 
of such forms as Triplecia irmdaris Eichw., Orthis souoerhyana, 
Lindstroemia cf. bina (Lonsd.). Species of Acidaspis and Illaenus 
likewise possess Llandovery affinities. It is, however, probable* 
that the presence of Conchidiiim knighti at a different locality 
indicates the Aymestry Limestone, a horizon high up in the 
Salopian. 

However, the main upshot of this disc ussion with which we* 
are prinuirily concenied here is that the occurrence of botli 
American and north Euroi)ean forms postulates marine connec- 
tion of the Himalayan geosyncline with both these regions 
during Lower Silurian times. The probable route follow^ed by 
these faunas will be considered presently. 

AFFINITIES OF THE SHAN SILURIAN. 

PREDOMINANT SHELLY FACIES OF THE NORTHERN SHAN 

STATES. 

We have already drawn attention to the dominantly North 
European character of the Shan Ordovician fauna. It is perhaps, 


J La Touche, T. H. D. Mem, Qedl, Surv, Jnd., Vol. XXXIX, p. 101, 
1913. ^ 

2 Reed, F. H. O. Rec. Oeol. Surv, Ind., Vol. XLII, Ft. 1, pp. 16-33, 
1912. 
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therefore, not surprising that the Shan Silurian faunas are also 
strikingly North European in character which is expressed by 
such species as Holy sites catenularia Linn., var. kanaurensis 
Reed. Orthis {Dalmanelki) hasalis Dalm., var. muthensis, 0. 
calligramma Dalm., Leptaena rhomboidalis Wilck., Stropheodonta 
compressa (Sow.), Pentamerus oblongus Sow., Orth^eras cf. 
annulcUum Dav., Encrinurus of. punctatus Brunnick. The only 
South European ty^io is Mimulus, Most of these are Wenlock 
species and in the Northern Shan States this shelly facies pre- 
dominates. This conclusion is borne out not only by the earlier 
work of La Touche but also by the studies based upon recent 
collections made by Coggin Brown, Sondlii and myself. Concern- 
ing the Zebing^ beds which are usually placed in the Silurian 
more will l)e said lat^u*. 

PREDOMINANT OUAPTOLITK FACIES OF THE SOUTHERN SHAN 

STATES. 

To Sondlii goes the crerlit of discovering the first graptolites 
in the Southern Shan States. In this region the graptolite 
facies is very much more widespread than the shelly facies, 
the reverse in fact of the position in the Northern Shan States. 
Tlio palaeontological acicounts published by Cowper Reed first 
in 1932 ^ and again in more exhaustive detail in 19302 show clearly 
that the Valent ian stage is well developed while the Wenlock 
stage is subordinate. In both horizons, however, the North 
Em'opean affinities are predominant . In the Namshin stage for 
examjile out of 45 species as many as 27 are identical with 
Europc^an Wonlo(3k forms. Slight discrepancies have, however, 
lieen noticed, but we (;annot take account of them in the brief 
space of this address. It is also worthy of remark that the 
Trilobite bc^ds of Panghsa-])yt‘ (Northern Shan States) have not 
been found in the Southern Shan States. 

RELATIONSHIP BETWEEN THE SHAN AND HIMALAYAN SILURIAN. 

The im|K)rtant point to consider now is the relationship 
between the Himalayan and Burmese Silurian faunas. We have 
seen that the Ordovician faimas of those regions present a 
marked contrast, though how far tliis contrast is emphasized 
by imperfections of the geological record or indifl’erent state of 
preservation it is not easy to say. However that may hi\ the 
Silurian faimas present an even greater contrast than the 
Ordovician for the graptolite facies w^hich is so well developed in 
parts of Burma as well as Eastern Asia is entirely absent in the 
Himalayas and no graptolites have so far been found in any 
part of the Himalaya mountains. 

1 Reed, F. R. C. Oeol. Sun\ Ind., Vcl. LXVl, Part 2, 1932. 

* Ibid. Pal'. Jnd.f New Ser., Vol. XXI, Mena. No. 3, 1936. 

lo 
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As a result of this apparent faunal divergence La Touche 
emphasizes the presence of an *unsurmountable’ barrier between 
the Himalayan and Burmese regions from the Ordovician till the 
close of Silurian times. When we consider the very limited 
thickness and the usually soft shaly character of the graptolite 
beds, it becomes difficult to assert how far this lacuna is the result 
of difference in facies or actual absence of record or of their 
not having been found so far in the Himalayas. Moreover, if we 
do not take into account the exclusively Himalayan species such 
as Propora himalaica, Caliostylus dravidiana, FavosUes spitiensiSf 
Orthis spitiensis, etc., practically 25 per cent of the remaining 
species are either identical with or allied to North European forms 
foimd in Burma, and at least one species, Encrinurus punctatus^ 
is closely allied to an exclusively Burmese species. Although 
it is true that almost all of these are co8moi)olitan forms, yet 
their number is comparatively so large when the entire known 
fauna is considered (35 species in all) that we seem to be on fairly 
safe ground in postulating a freer marine connection than La 
Touche’s remarli and analyses would have us believe, between 
the Himalayan and Burmese regions. This was so at least during 
Wenlock times, that is to say following the period (Lower 
Valent ian) when the graptolite beds of the Southern Shan States 
were being deposited. 

SILUBIAN OF EASTERN ASIA. 

The continuation of the Lower Silurian sea into Western 
Yunnan and Central China is proved by the presence of fossils 
of North European type and other forms which are profusely 
represented in the Shan Silurian. ‘This fauna entered the 
Chinese basin through the Himalayan geosyncline, passing 
north along the West Yunnan-Szechuan geosynclino and 
spread in the Tsingling geosyncline as far east as the Nanning 
hills region of to-day. It was represented partly by a trilobite 
and brachiopod facies, partly by a polecypod facies and in 
certain sections where deltas of mud were forming near the shore, 
it is represented in the graptolite facies ’ 

This last fact assumes importance when we remember that 
the graptolite facies is considerably developed in the Southern 
Shan States, which implies that the Shan Lower Silurian sea 
did not extend much further south of the Southern Shan States. 
This is of course apparent from other geological considerations. 

RETREAT OF THE LOWER SILURIAN SEA FROM ASIA: 

UPPER SILURIAN TRANSGRESSION. 

Tlie end of the Lower Silurian marks a period of profound 
negative movement of the sea in Asia as well as outside the 

1 Grabau, A. W. Stratigraphy of China, Part I* p. 35, 1923-24. 
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Asiatic continent. The seas withdrew along the entire length 
of the Himalayan region, from Burma, Indo-China as well as 
from the whole of the Chinese bisin. No Middle Silurian marine 
deposits are known from any of these lands. Northern China, it 
may be remarked, was already a land area even in Lower Silurian 
times and remained such till the advent of the Middle Devonian. 

The Indo-Burmese region as almost the whole of Western 
Asia appears to have remained a land area during the Upper 
Silurian as well. Tlio recent surveys by Coggin Brown and 
Sondhi in the Southern Shan States and by myself in the 
Northern and Southern Shan States have not revealed any 
strata of undoubted Upper Silurian age in Burma. 

While the whole of Asia appears to have remained a land 
area from the close of the Lower Silurian to the end of the Upper 
Silurian, a minor transgression with an American type of fauna 
invaded jjarts of Yunnan, Tonkin and the neighbouring region 
to the oast of it in Uppt^r Silurian times. This invasion was in all 
probiibility from some southern source, for no Upper Silurian 
rocks ai‘o found to the cast of these regions which w'ould connect 
the American Upper Silurian Sea with the South Chinese basin 
across Eastern Asia. It is only to be expected that this fauna 
coming after a hiatus of great magnitude represented by the lapse 
of the Middle Silurian, was totally diiBferent to the Lower Silurian 
fauna of these regions. This striking discord is most significant, 
for wlnle the Lower Silurian fauna is North Euroixjan, this Upper 
Silurian fauna bears an Americiin stamp. Tliere appears, there- 
fore, to have been no imuiner of connection between the North 
European and South Asiatic seas in Upper Silurian times. With 
the Lower Silurian seas, how'ever, the ease as w^e have already 
seen was entirely different, for they were in close intercommunica- 
tion. But what w'as the route folio w^ed by these invading 
North European Lower Siluiian faunas into Asia ? The southern 
end cf this route appears to bt^ quite clear, for we have followed 
the distribution of the European famias through the Himalayan 
region across, Burma, Indo-Chiiia into the main Chinese basin. 
It is when we attempt to trace this pathway across Central 
Asia that difficulties arise. The earlier w^ork suggests that the 
route lay across liussian Turkestan and Timan where Silurian 
faunas have been discovered. 1 am unable at this stage to say 
whether more recent work of the Russian geologists (usually 
in Russian) has been able to define more precisely this 
connecting link between Asia and Europe. 

DEVONIAN. 

LOWER DEVONIAN (ZEBINGYI BKDS). A MEDITERRANEAN FAUNA 
IN SOUTHERN ASIA. 

The commencement of the Devonian witnesses one of the 
most interesting episodes in the geology of Southern Asia, 
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namely, the sudden influx of a fauna which bears no relation 
to the faunas of immediately surrounding regions, but is a 
prototype of the far Mediterranean Lower Devonian fauna. It 
is the fauna which is represented in the Bohemian region by the 
well-known Heroynian facies. 

This influx is the more remarkable, for whether in the 
Himalayas or the Shan hinterland the earlier strata betray hardly 
any suspicion of Bohemian or South European elements. Some 
of the exceptions, to which attention has already been drawn, 
are the presence of the genus Aristocystis {A, dagon) in the 
Ordovician and of Mimulvs (M. aunglokensis) and a species of 
Phacops in the Silurian strata of the Northern Shan States. The 
percolation of these South European types in the earlier 
Ordovician and Silurian times probably indicates only an 
indirect connection with that region, for we have seen that direct 
connection during this period was with the North European seas. 

At all events this episode ie but an isolated phenomenon, for 
apart from the Shan region this fauna appears to have made 
but little headway. Its isolation becomes the more striking 
when we realize that we have but few intervening connecting 
links between Southern Europe and Asia so that the probable 
pathway of migration of this fauna still remains a matter of 
speculation. 

AGE OF THE ZEBINGYI FAUNA. 

The most interesting and puzzling fact about this fauna 
is, however, not its isolation and Hercynian affinities, but its 
composition, which makes the question of its exact age indeed 
a perplexing problem. Tliese beds contain closely associated 
with each other forms which we are accustomed to regard as 
exclusively Devonian (Tentaculites elegans Barrande and the 
genus Styliolina) or exclusively Silurian {Monograptids). What 
then is the age of these beds, Silurian or Devonian ? The 
author as a result of field examination in 1929 came to the 
conclusion that in their stratigraphical relations the Zebingyi beds 
are more closely associated with the overlying Plateau Limestone 
than with the underlying Ordovician beds, and in this respect 
agreed with the observation made earlier by La Touche. La 
Touche^, like Grabau^, inclines to a definitely Silurian age on 
account of the graptolites ; Schuchert ^ is definite about their 
Lower Devonian age in spite of the graptolites. While Reed ^ 
although he includes them under the Silurian section appears to 


1 La Touche, T. H. D. Mem, Oeol, Surv, Ind„ Vol. XXXIX, p. 178, 
1913. 

2 Grabau, A. W. Stratigraphy of China, Pt. I, p. 121, 1923-24. 

* Schuchert, C. Amer, Joum, Sdence, Ser. 4, Vol. XXV, p. 262, 
1908. 

* Reed, F. R. C. JRec, Oeol, Surv, Ind,, Vol. XL, Pt. 1, pp. 26-27, 
1910. 
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incline to tlie Devonian view and points out that Devonian 
graptolitos have been described by Ruedmann.^ In my opinion 
the fauna as a whole indicat-es the Lower Devonian. Through 
the maze of this conflicting evidence it seems impossible to sift 
and assign a precise age to these beds, but if we weigh the 
evidences upon its merits and forget our preconceived bias that 
graptolites were annihilated at the close of the Silurian, I think 
the Zebingyi beds should be assigned to the Lower Devonian. 
Tlie conformable passage of the Zebingyi beds into the overlying 
Plateau Limestone likc^wiso supports this conclusion, though 
there cannot be any flnality abfmt such evidenc(‘. 


PROBABLE PATHWAY OF MIGRATION 

OthtT art*as in Asia w^here the South European type of 
faunas hav(‘. bec^n found are in the neighbourhood of Baroghill 
pass in Chitral, in Turkestan in the Urals ^ and in the region 
to the north of Tib(‘t.*'* Now although Grabau remarks upon 
the ‘very close connection which exists between these central 
Asiatic faunas and those of the corresponding age in the Urals’, 
yet th<H'(» appears to be very little in (*ommon between them and 
the Ijower Devonian Zebing\d fauna of tlu' Shan States. 

What then w as the sea-route of this (Zebingyi) fauna during 
its long journey to Asia i Indeed was this fauna one' of European 
origin at all, which had migrat('<l to Asia or w’as it, as tht' 
jiresence of Uraptolittw might indicate a fauna established in 
some nearby Asiatic n'gion, w^hich had in course* migrated 
westwwds into th(^ south European basin 

There appears to have been but littk* (connection with th(‘ 
Urals, for with tht* excejition of the lamellibranch genus Vlasta., 
there is not much in (common betweem thes(i Hercynian faunas of 
the Urals and the Shan States. There is further no evidenc(* 
whatever in the Himalaya moimtains of a Hercynian fauna, even if 
we are to ac('ept the Muth Quartzites as the probable equivalent 
of the Zebingyi beds. But since there is no trace of the Lower 
Devonian in Iran which would offer a direct connection of the 
Shan with the Mediterranean region, one can only accept a 
cronnection via the Urals already vaguely implied by th(‘ genus 
Vlasta which occurs in Bohemia, the Urals, Zebingyi beds anci 
oven in America. The genus Vlasta it must be stated is usually' 


A Huedniaim. New York tState Mueeum, Mem. No. 7, 1904. 

2 Reed, F. R. 0. Hec. Geal Surt\ Ind., Vol. XLI, Ft. 2, pp. 86-87, 
1911. 

3 Muschketow, D. Nenea Jethrb. fvr Min. Qeol. und Paleontol., 
Bd. 1, pp. 25-42, 1914 and Weber, Buli. Corn. Qeol. St. Pet^sbonrq. 
Vol. XXIX, pp. 603-695, 1910. 

^ Tsohemysohew, Th. Mem. Corn. Qeol., Vol. IV, 3, 1893. 

6 Hayden. H. H. Mem. Oedl. Sunr. Jnd., Vol. XXXVT, p. 34, 1912. 
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assigned to the Siliu*ian. What is the exact value of this evidence 
I shall leave to your taste and inclination. 

In this connection, in my opinion, much significance attaches 
to the occurrence of the Hercjmian fauna north of Tibet, meagre 
though it is. If the Zebingyi fauna is an immigrant from Central 
Asia or further afield from Europe, it is not improbable that it 
came via the region north of Tibet and found its way into the 
Shan region via the eastern margins of Tibet and the Chinese 
provinces north of the Shan plate^au. But future work alone 
can show how far this surmist^ is correct. 


MIDDLE DEVONIAN. 

The marine transgression which took place in Middle 
Devonian times has few parallels in the geology of Asia. This 
resulted not only in the intermingling of the Asiatic fauna of 
different regions, but also as emphasized by Reed in the breaking 
down of barriers of Asiatic and European life provinces which 
gave rise to similar faunas in widely separated regions. Attention 
has already been drawn in this connection to the identi(*al 
character of the Eifelian faunas of the Shan States and Northern 
Europe. 

On the present ot^casion I can hardly hope to review in 
detail the Devonian faunas of Asia, for it is a subjet^t upon which 
a great deal has been written J I can, therefore, do little more 
than put forward before you the salient aspects of this problem. 

Very little has been added to our knowdedge of th(» 
M. Devonian faunas of Western Asia in recent years. Mention 
may be made of a paper by Cowper Reed ^ entitled ‘ Devonian 
fossils from Chitral, Persia, Afganistan and the Himalaya*. The 
same remark applies to the Himalayan region, for no Middle 
Devonian fossils have been receded from any part of the Hima- 
laya in recent years. Of the few records mention may be made 
of the Middle Devonian occurrence's in Byans, Kanaur and Upper 
Spiti described by Reed in the paper just referred to. In Burma 
too until recently the only known Middle Devonian fauna was 
the classical Padaukpin (Northern Shan States) fauna disc^ovored 
by La Touche over thirty years ago and described by Reed in 
1908. The only addition after the lapse of three decades is the 
find I was fortunate enough to make a few years ago of highly 
fossiliferous Middle Devonian beds near the village of Meso in 
the Southern Shan States. This constitutes the only record of 
Devonian fossils in the Southern area. It is unnecessary to give 
a complete list of the fossils found here, but among others the 

^ For detailed references various memoirs cited by Lorenz in Zeitachr. 
Deutsch. Oeoh Oeaellach.^ Bd. LVIII, p, 120, 1906 and by Cowper Keed in 
Pal. Ind.y New Ser., Vol. II, mem. No. 6, 1908, may be consulted. 

* Reed, F. R. C. Rec. Geol. Sur, Ind., Vol. XLI, pt. 2, pp. 106-1 1 2, 19. 
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following species are represented ^ Spirifer (lieticularia) curvaJtvs^ 
Sp. (Betic.) aviceps Kays., Cyriina hcUroclyta Defr., Spirifer 
specioaua Schloth. var., and new species of Platyceras, Phuroto- 
rmria^ Meristella, etc. Although Calceola sandalina has not been 
recorded, the age of these beds appears to be Middle Devonian 
(Eifelian). Middle Devonian faunas corresponding in age to 
those of the Northern and Southern Shan States (Eifelian) 
are found further east in Yunnan 2 and Indo-China. 2 

We have thus an almost continuous record of Eifelian 
strata from Armenia in the west to the Cliinese basin in the 
east. They indicate according to Grabau * the 

* general direction of iraiifigression of the early Middle Devonian 
Sea, which extended probably from the region of the Bosphorus* 
acroHs Asia Minor and Persia, into the heart of Southern Asia along 
the Southern b('rder (»f ancient C’auoasia. That the ancient passage- 
way along tho Himalayan geosy noline was again open at this time, is 
shown by tho extensive development of the Eifelian fauna at its 
eastern end, in the Northern Shan States of Burma as well as the 
presence of this fauna in South-Western China (Yunnan) and 
Indo-China 

’^Che recently discovered Southern Shan States fauna constitutes 
a further link in this chain. 

The record of the up]:Kn- pjiit of tho Middle Devonian 
(Givotian stage) is less clear in Western Asia as well as in tho 
Himalayan region. Certain it is, however, that a transgression in 
Givotian times flooded the present region of the Kwen-lun and 
Tian Shan mountains. Rocks of this age also occur extensively 
in China though the zone fossil Stringocephalus burtini has so 
far been found only in Yunnan. Up to the end of the late 
Middle Devonian (Givotian) times, however, there is no fossil 
record indic^ating that the western piirt of the Devonian sea was 
conncicted with the Chinese basin via the region north and east 
of the Titetan region. In other words, the only connection seems 
to have l)een via the Himalayan geosyncline, where Eifelian 
strata an* known. ^ This is significant in view of what follows. 

UPPER DEVONIAN. 

Exigencies of time do not permit me to consider the Upper 
Devonian here in d(dail, but one fact of great importance iiuiy 

1 Salmi, M. R. Proc, Twenty-fifth I'ndian Science Congress^ Pt. TII, 
Abstracts, p. 114, 1938, 

2 Mansuy, H, Etude goologique du Yuiuian oriental, 11" partie, 
PaMontologie. Me^n, Serv, OeoL Jiidocfiine, 1912; Ibid., Vol. Ill, fasc. II, 
pt. 1, 1914; Grabau. A. W. Pal. Sinica, Sor. B, Vol. I, Faso. 2. 

* Mansuy, H. Contrib. Carte G4ol. Indo-Chine, Palaeont. (Service 
des Mines, Hanoi -Haiphong, pp. 2, 3, 15-20, 1908). 

^ Grabau, A. W. Stratigraphy of China, pp. 155-156, 1923-24. 

* Abdulla Bey, Remarques G^logiquos sur le calcairo d^vonien du 
Bosphore. BoU. del R. Vomit. Oex>l. D' Italia, Vol. I, p. 187, 1870. 

* Hayden, H. H. Mem. Qeol. Sitrv. Ind., Vol. XXXVI, Pt. I, p. 20, 
1904. 
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be mentioned. It is that we have no record of Upper Devonian 
rocks in the Himalayan region, which was then presumably 
a land area. But Upper Devonian strata are developed in 
the Chiriese basin, in the region north of Tibet and west of the 
Himalayas. It is, therefore, probable that the Upper Devonian 
fauna migrated eastwards from Western Asia via the marine 
basin north of Tibet while (as we have seen) the Middle Devonian 
huma found a passage-way South of the Tibet region, i.e. via 
the Himalayan geosyncline. Against this, however, are the views 
expressed by Bailey Willis who considers that the Tibetan region 
was an island practically throughout the Palaeozoic era. Bearing 
in mind this conflict of views we can merely emphasize that final 
judgment can be left only to future work. 

CONCLUSION. 

1 have attempted to present before you a panoramic view 
of the sequence of geological events that have moulded the 
palaeogeographical history of the Asiatic continent and more 
particularly of the Indo-Burmese region, from the Vindhyan to 
Devonian times. This we’may now summarize. If the mighty 
Himalayan ranges constitute an effective barrier at the present 
day sejiarating the mountain tracts of the north from 

the plains of India, the hand of destiny has assigned this 

role to that region, in one way or other, almost since the 
dawn of geological time; for even in the Vindhyan period 

we recognized the germs of a great geosyncline, which 

was to dominate the geography of Southern and Eastern 
Asia practically throughout the Palaeozoic era. During the 
Cambrian this geosyncline girdled the Northern Hemisphere 
from Western North America to the shore of the Dead Sea. 
Since then this anciemt Mediterranean Sea has waxed and waned 
with varying fortunes at different periods. The Ordovician 
and Silurian saw its retreat from the whole of Western Asia. 
But that a marine connection was maintained during these 
periods with the European seas is proved by the presence of 
many European species in the Himalayas, in Upper Burma and 
in the Chinese basin. A new passage-way across Central Asia 
had, in fact, opened up and remained so till the close of the 
Silurian. During the profound Middle Devonian transgression 
the site of the ancient Cambrian geosyncline (in Western Asia) 
was rejuvenated, so to speak, and once again formed the route 
of migration of European faunas. 

•Hie Himalayan region remained a marine area practically 
throughout the period under consideration, except perhaps 
during the Middle Silurian when a world-wide negative move- 
ment of the seas set in, and in a lesser measure during the Upper 
Devonian, when according to the available evidence the sea 
temporarily retreated from the Himalayan geosyncline. 
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TIk^ probleniK of divergence between the Himalayan and 
Burmese Ordovician faunas, of the relationship between the 
Iranian, Indo-Chinese and Himalayan Cambrian faunas, of the 
invasion of Bohemian or Mediterranean faunas into Asia, have 
bec'Ti raised and discussed in the light of their palaeogeographical 
hearing, but I can hardly claim that suitable solutions l)ave been 
attained. Considering the importance of the problem one can 
only regret that our knowledge of the Himalayan palaeozoi(‘ 
faunas, already meagre, has not been supplemented in any 
substantial measure by fresh discoveries, and the void remains. 

Our knowledge of the continental boundaries during the 
periods under review’ is far from conclusive thougli restorations 
have been suggested by various authors. But we know’ enough 
to b(' able to say that the seas and continents have undergone 
profound (‘hanges through the vicissitudes of Geological timt^ 
and the map of the world has altered almost like the varying 
stages of a child’s jigsaw^ puzzle. In short, one might say that 
our mother eartJi is like a ball of plastic clay in the hands of a. 
Modeller and the same Modeller that makes and unmakes th(» 
destinies of men and races also shapes and unshapes the oceans, 
the gi’eat (ontiiients and the islands that stand like sentmels on 
the ocean highways. The impact of Geological forces has 
(ihanged the face of many continents and if a mere man of 
science nui y dare to preach a moral to the w^arring nations of 
the w’orld, in this age of stress and strife, it could be said that 
the continents which they seek to conquer andiK)8ses8 are, intlu‘ 
infinitude of time, like tlu^ patterns of a cloud — an illusion and a 
(himera. 
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CONSERVATIOISI OF INDIA’S NATURAL RESOURCES. 

Ladies and Gentlemen, 

I thank you most heartUy for the honom* you have done mo 
by electing me to preside over the deliberations of the Geography 
and Geodesy Sec^tion of the Indian Science C'ongross of this 
session. I am conscious of the gi*eat responsibility placed on 
my shoulders but, counting upon your land co-operation and 
forbearance, I shall try my best to fulfil the task in as best a 
manner as could be possible. 

Introduction . 

Few problems in India are of more vital importance than 
the (conservation of the natural resources of the country on a 
planned basis. To-day, public consciousness needs more than 
at any other time of Indian history to be rightly educated as to 
the existence and utilization of abundant natural resources of 
the (iountry. I have, thtuefore, selected the conservation of 
India’s natural resources as the subject of my address as it 
is a subject of gtmeral interest as well as of vital importance 
to our nation. 

Whereas the growiih, greatness and survival of a nation 
depend largely on the natural resources of the (;ountry, theii* 
conservation seeks to insure to society the maximum benefit 
from their use. Thus conservation of natural resources such 
as soil, forests, water and minerals, without which the very 
existence of a nation may be at stake, should, therefore, 
unquestionably be one of the most important matters for the 
consideration of those who are entrusted wdth the responsibi- 
lity of formulating programmes of national roi^onstruction. 

Conservation of natural resourc^es is a timely field of action 
in India. The growth of population in this subcontinent has 
been accompanied by an unprecedented destruction of the 
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natural landscape. Moreover, as the country awakens politically 
and the limits of its resources and the character of its need begin 
to appear more fully, the necessity for greater care in the utiliza- 
tion and renewal of resources becomes imperative indeed. The 
movement is a timely one being in line with a worldwide concern 
regarding the material bases of national well-being. 

There is no doubt that conservation is a field of vast National 
importance and of such magnitude and range as to demand 
the co-operation of nearly everyone. Contributions to its 
theory and practice may be made by the layman and the 
scientist, by the philosopher and the practical man of affairs, 
by the social scientist and the natural scientist. In one way 
or another, each of the natural and social sciences can give, 
and, indeed, is giving, some assistance, directly or indiro(itly. 
The scientific geography though still in its infancy in India is 
contributing to the field of conservation both theoretically and 
practically. Studies in systematic and regional geography are 
greatly helping to build up our knowledge of our natural resources 
and the problems arising from their exploitation. Geographers 
are also taking an active part in the practic^al application ol 
their viowjioint and techniques to problems facing the nation. 
Moreover, they are imparting useful knowledge of the principles 
and pra(itices of conservation in the colleges, and in a small 
measure at elementary and secondary schools. The rising 
generation is, therefore, learning largely through geography 
teachers and text-books about the aims and practices of con- 
servation. However, it is not meant, in any sense, to impl>' 
that teaching in this field is exclusively the function of 
geography. 

As the subject selected by me is a very wide one it would 
not be possible for me to discuss it fully in the short time at 
my disposal. I have, therefore, limited my address to three 
twjpeots of the problem, that is to say, conservation of soils, 
forests and water resources. 


Soil. 

The soil of a nation is its most material heritage. It 
niuiiures the ever-flowing stream of vegetation from which 
men and their animals derive their sustenance. The prepond- 
erance of the world’s organic raw materials as weU as its 
food supplies arise from soils through the practice of agricul- 
ttire. The great civilizations of the centuries have rested 
fundamentally upon uncountable millions of fields planted and 
tended by man. 

The civilization of this country has been and is based upon 
its soil resources and great agricultural industries. Our country 
taken as a whole possesses such a combination of soils and 
climates that it suits admirably to agriculture and no less than 
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nine-tenths of the population of India to-day is engaged, directly 
or indirectly, in agricultural pursuits. Soils are subject to 
certain changes when cultivated or pastured. Change in itself 
is not a critical matter since eternal change is a fundamental law, 
for, were this not true, it is doubtful if man (tould have survived. 
The critical aspects arise when changes in soils that are subjo(‘t 
to human manipulation are left to take a degenerative course, 
or are improperly directed, and when known means of main- 
taining the soils near their virgin level or raising them to higher 
levels of productivity are not employed. 

These critical aspects obtain rather generally in India. At 
the end of several centuries of agriculture and pastoralisrn, the 
soils in India are in a lower state <if fertility than our sdentific* 
and practical knowledge should tol(‘rate. Especually serious is 
th(^ fact that some soil areas have so seriously deteriorated that 
their (‘arly reclamation will bo extremely diffic^ult and costly, 
if not nearly impossible. This is particularly true of the gross 
physical destruction of the soil body oc^casioned by erosion. 
More subtle but almost equally serious is th(' state of chemical, 
physical and biologic; d(‘gradation into which we have allowed 
our soils to drift. The (auses are many. We have not fully 
apprcK'iated eithc^r the limitations or capabilities of our soils. 
They were and are looked upon mu(;h as a mine, as simply 
possessing a store of plant food: when these had been extracted 
there was little we could do except abandon the land until it 
somehow recuperated. Moreover, since the keynote of Indian 
agriculture has been primarily self-maintenance, systems oi 
cropping were so shaped as to yield the maximum results 
regardless of the tolls on the soil. Whatever the causes the 
general results are equally deplorable. 

Soil Erosion and its Causes, 

Within the last few years we have learnt that erosion, far 
from being a harmless or (;omplet(dy beneficial process in all its 
manifestations, is a living, constant menace to our own security 
and the security of posterity. We have learnt that the 
process does not remain at geologic norms when human factors 
intervene in the natural order of dynamic's pertaining to the 
earth's surfac;e. We know definitely that man's misguided use' 
of the land has accelcratt*d this ancient earth-pro(;es8 until it 
has overwht^lmed enormous art^s of oncc' fertile land and 
impoverished even greater areas. In the light of this knowledge 
erosion becomes a matter of conc.ern to everyone; sin(;e it 
constitutes a threat to the principal factor in our country's 
security — our indispensable agricultural lands. 

Accelerated erosion is the result of conflict between man and 
nature — of man’s necessary interference with natural processes ol 
land stabilisation in order to provide himself with the necessities 
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of existence. Under a blanket of vegetation, nature protects 
the soil from the erosive forces of wind and rain and her protection 
is almost complete. Soil losses under natural conditions of 
vegetation cover are negligible — so small, in fact, that normal 
processes of soil-building are generally adequate to compensate 
for them. 

Faced with the problems of existence, man strips away 
the protective cover of vegetation, and thus rudely interferes 
with nature’s balance. Soil is exposed to winds and rain and 
rates of erosion are increased almost enormously. Cultivation 
still further exposes the soil to the cutting force of wind and 
flowing water, again accelerating the rates of wastage. In the 
one instance — under natural vegetative conditions — therefore, 
erosion is normal or geologic; in the other — under cultural 
practice — the process is speeded to abnormally destructive 
rates. Soil erosion has thus bof;ome a worldwide problem 
owing to the way in which ploughing and grazing have 
destroyed the plant cover which Nature originally provided to 
protect the earth’s cover. 


Types of Erosion. 

There are, broadly speaking, three types of erosion : sheet 
erosion, gully erosion, and wind erosion. 

The first is the most widespread and dangerous, being 
the principal agency of soil impairment, for it can do groat 
damage before it becomes apparent to the farmer. Sheet 
erosion characteristically process so slowly that farmers them- 
selves generally have not imderstood it and, accordingly, have 
given little attention to its effo(;ts until out-croppings of infertile 
sub-soils or bed-rock appear over their sloping fiel<ls. The 
process involves removal of thin sheets of soil over the entire 
extent of unprotected areas with every rain heavy enough to cause 
water to flow acroas the slopes. 

The first effect, which often goes unnoticed, is the removal 
of the finer soil particles in suspension, leaving the coarser 
particles behind. These finer parts of the soil are valuable 
because they help to bind the soil into crumbs. The capacity 
of the soil to retain moisture and soluble plant food depends 
largely upon this crumb structure. If the finer particles are 
lost by sheet erosion the soil deteriorates. In extreme cases 
the whole of the top soil is removed bodily, leaving behind 
only an infertile sub-soil of clay or gravel. Sheet erosion is 
(common throughout India except in areas irrigated by canal 
or well, but is of course more serious on all sloping land. 

Gully erosion is much more obvious and it is easy enough 
to see and understand the deadly malignancy of it. This type 
of land devastation frequently follows after sheet erosion as a 
later stage of deterioration. When there is not enough vegeta- 
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tion to impede the run-off of storm water, the proportion of 
rain not aosorbed by the soil finds its way downhill in a series 
of small torrents. A vicious circle is set up, because each 
channel is cut wider and deeper by every succeeding down- 
pour, and the torrent tears soil from the sides and bed of the 
gully. Loss of soil is increased by the cutting back of each 
branch gully into the higher ground behind. Deeply gullied 
‘bad lands* are to be seen in many parts of India whenever 
the level of the land 8urfa(‘,e is at all high above the bed level 
of nearby rivers. 


Soil Erosion. 



(Chart showing how soil erosion affects the general public as well as 
the farmer.) 

The Jumna basin provides one of the finest examples of 
gully or ravine foimation in the world. In many parts the 
vegetation on the neighbouring lands after centuries of abuse 
is of a very poor description and the rainfall fiows away with 
great rapidity thereby increasing the volume and the violence 
of the torrents and leaving their beds dry after a few hours 
of the storm. The accumulated effect of this flood and scouring 
in a hard Ranker soil has resulted in the banks of the Jumna 
and the Chambal being violently eroded during the last few 
hundred years with a corresponding sinking of the water level. 

A rough calculation has show’n that the total soil erosion 
of the Jumna-Chambal basin is equivalent to the removal of 
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12 cusocs or i ton of soil per second day and night without 
stopping for the last 1 ,000 years. 

Both sheet and gully erosion are caused by water action 
but another form of erosion results from wind action. Open 
treeless plains of dry light soil are particularly susceptible when 
the natural grass clover is destroyed by ploughing or heavy 
grazing, for the exposed soil can then be whipped up and carried 
away by strong winds. 

Ground thus disturbed develops a peculiar topography of 
low hummocky sand-hills on top of which deep-rooted bushes 
survive after all other vegetation has given up the unequal 
struggle. Actually India as a whole does not suffer from wind 
erosion to the extent that has occurred in the so-<^alled ‘dust 
bowl’ of the middle Southern States of the United States of 
America, or in the inland livestock ranches of Australia or along 
the southern fringe of the Sahara. But in certain restricted 
areas in India it is a definite menace, for instance, just north 
of Campbellpur in the Attock district and along the Dolhi-Lahore 
road near Doraha. 


Widespread Effects of Erosion, 

The harmful effect of these three forms of soil erosion go 
far beyond the removal of the valuable top-soil on whic^h plants 
depend for their nourishment. One direct effect is of course 
gradual decline in crop yields which more than off-sets any 
gains brought about by seed selet^tion and manuring. The 
direct effec^t in pastures and grazing lands is to reduce the 
capacity of land for carrying livestock, for good pasture may 
carry a cow^ per every two acres, but the eroded pasture land 
may not keep a cow properly on ten acres. 

Erosion also has indirect results, of which the most im- 
portant for us in India is the dumping of large quantities of 
sand in the river-beds so that the bed must inevitably be raised 
and thus aggravate the effect of floods. 

Another effect is to increase the severity of the intervening 
drought periods. This is because each small stream in the foot- 
hills dischargee perhaps 80 or even 90% of heavy storms 
within an hour or so, and only a very small part of the rain soaks 
in the bare ground. 

Apart from the rivers therefore the level of the water-table 
underground is apt to shrink because the amomit of percolation 
or seepage through the soil into the underlying rocks and sub- 
soil is k^ss. Springs and w^ells are fed by reserves of water 
stored underground, but these reserves dwindle because eroded 
soil will not allow rain to penetrate underground, so that wells 
dry up, springs are reduced to a trickle, and rivers that once 
flowed all the year round now fail in the dry period. 
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Aside from the destruction above mentioned, erosion 
carries with it consequences of vast importance to the perma- 
nence of investments of large sums of money in navigation, 
power, municipal water supply and irrigation developments. 

Deforestation and Soil Erosion. 

It is admitted by all authorities on erosion that one of the 
greatest calamities which have overtaken mankind has been 
the destruction of the forest and the cjonsequent erosion of 
the land surface. This has already destroyed the fertility of 
many lands and is at the present day exercising a gi eat influence 
on the destiny of the people. Deforestation and soil erosion 
not only intensify floods and reduce the cold weather discharges 
of surplus streams but they threaten the sub-soil water supply 
and impoverish the soil and reduce the output of agriculture. 
In fact, these two demons threaten the very basis of civilization 
and of human life. 

Erosion results from the misui^e of the surfac^e covering of 
the earth, wh(^th('r it be by the destruettion of tlu? forest which 
(!OvenHl it, by the misuse^ of arable or pasture land, by bad 
methods of cultivation, by burning or by over-grazing. 

There is suflicuuit evidem^e to show that India is faced 
with the very grave danger of her river catchments being 
denuded to such an extent as to increase floods during the 
periods of heavy rainfall, decrease river supplies for iiTigation 
and navigation during the dry season, int^rcase siltation of the 
rivers, and throv' largii areas out of cultivation. 

America is now fully alive to the disaster which threatens 
her and has even formed a spt‘cial department of engineers 
to deal with erosion while her forestciis are actively fighting 
deforestation. 

There are many indications that in parts of India conditions 
are, at least, as bad and, sometimes, worse than they are in 
America. For instance, the Ganges carries to the sea eight 
times the quantity of silt carried by the Mississippi and that 
from a catebment area loss than one-third the size. 

It is not without significance that tlu^ highest recorded flood 
in the Ganges occurred in 1924 and the lowest record of winter 
discharge occurred in 1929. Records of the Ganges for over 
1(K) years are available and this period is long enough to exclude 
all seasonal cycles. 


American Research. 

American research has found that during the years 1935-37, 
the rate of run-off from completely denuded lands, such as 
is only too common on the banks of some of our rivers, such 
as the Jumna and the Chambal, is twenty times greater than it 

II 
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is from preserved forests. During one month of the flood 
season in Southern California a watershed, which had been 
burnt out 4 years previously, was denuded of 120,000 cubic 
yards of top soil or a depth of 1*4 inches per square mile. On 
a similar watershed burnt out 19 years previously, the denuda- 
tion rate was one-tenth of this while in a watershed fully protected 
for the last fifty years the same rainfall only gave a denudation 
rate of one-thirtieth of this. 

The fertility of the soil lies in its top crust and the removal 
of 1«5 inches of the surface soil which Nature takes a long time 
to create, amounts almost to a disaster. The unproductiveness 
of newly exposed sub-soil is well known and one might almost 
say that once the surface has been destroyed, fertility has gone 
for ever as far as the present generation is concerned. It 
seems quite reasonable to suppose that one of the most impor- 
tant factors contributing to the low crop yield in India is erosion 
by wind due to the absence of vdnd breaks. 

Examples of Damage. 

It is generally known that there are extensive waste and 
ravine lands in Agra, Muttra, Etawah and the adjoining districts. 
The ravines of the Jumna and the Chambal river form a practi- 
cally compact mass the extreme length of which is 70 miles and 
the width about 13 miles in the centre. It is estimated that 
in the Etawah distrust alone there are about 120,000 acres of 
ravine land and there are large ravine areas in Agra, Muttra, 
Jalaun and other districts. 

The Description of Ravines. 

The banks of the Jumna and its tributaries are now so 
completely drained that the greater part of the area has become 
almost destitute of vegetation. Cultivation beyond this desert 
belt is precarious even in years of normal rainfall and the presenc e 
of these ravines nmders irrigation impossible. Throughout the 
whole extension of this ravine land no water is to be found 
('xcept in deep wells and in the main rivers. The dry bolt is 
increasing in extent, as the ravines eat into the flat lands at 
the heads every year. With the hardening effect of the tread 
of cattle and rapid drainage the monsoon rains penetrate to a 
depth of only a few inches and this quickly dries up leaving a 
soil almost destitute of moisture down to the water table 100 
feet or more below. It has been found that occasional scattered 
trees now found are of great age which have continued to 
reproduce themselves by coppice shoots and their root-systems 
have kei)t pace with the sinking of the water level, drawing up 
their necessary moisture from great depths. Natural reproduc- 
tion invariably dies down as soon as the raihs cease. The 

IIB 
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natural vegetation of the ravine land has been destroyed by 
uncontrolled cultivation wherever the soil is fit for this, and by 
uncontrolled grazing, reckless destruction and by fires else- 
where. Large areas are now' abnost treeless but the original 
natural vegetation was undoubtedly forest and is still forest 
except in Ranker and Usar soils. The vegetation consists of 
small trees, thorny bushes and grass. 

The Panjab Siwaliks, 

Some of the worst erosion is evident in the Panjab Siwaliks, 
a range of hills skirting the Himalayas w^here the hill grazier 
has accompanied or followed the w'ood-cutter and eflectively 
denuded the soil of its protective plant cover. In many places 
damage is not confined to the eroded slopes, further destruction 
being caused by torrents (chos) formed by gully erosion that 
sweep down the slopes during the monsoon. The cho is charac- 
terized by the steepness of its gradient and the violence and 
iiTcgularity of its discharge. The torrent carries much suspended 
material which is deposited on the loss steep low'er slopes in a 
characteristic detrital cone whii‘h continually increases in radius 
and width . The chos dobou(ihing on to the cultivatexl sandy plains 
silt up the original drainage channels formed w'hen hill erosion 
started, and the floods are forced out over wide areas. The 
floods subside as suddenly as they start, and all the water is 
lost to the land. 

There is evidence that a hundred years ago the chos ran 
between well definc^d banks, and in some places perennial 
streams that could be used for irrigation issued from the hills. 
To-day, floods are the only source of water. Much of the 
subsequent erosion has been duo to intensified exploitation that 
occurred when Bi itish rule secured some measure of prosperity 
and security. Reclamation might possibly be efteeted by 
closure^ of the land so that first grass, and then forest, could be 
re-establi8h(‘d, but all the land is required to support the people, 
w^ho have the right to use it, and the authorities have a natural 
aversion to interfering with jealously held rights. A drastic? 
reduction in the surplus grazing animals is indispensable before 
any conservation programme can bec^omo effective. 

Necessity for Control . 

Accelerated soil erosion and its control presents the country 
with a physical land crisis of enormous importance to the 
continuing welfare of agriculture in particular and the entire 
social structure in general. Moreover, beyond the most acute 
crisis of the whole land problem, there exists the physical fact 
that there can be no permanent cure of floods or prevention 
of stream and reservoir silting until run-ofif is better controlled, 
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all the way from the crust of ridges down across the watersheds 
where floods originate and silt loads are picked up, on to the 
very channelways of streams, which have limitations upon 
their carrying capacity. 

Control of erosion is the first and the most essential step 
in the direction of correct land utilization. It must be perform- 
ed if the country is to avoid early arrival at an inconceivably 
bad land situation. The United States of America and the 
Union of South Africa have reached the same conclusion and 
are now engaged in a fight against erosion in their country. 
The Italian Government is carrying out an enormous land 
reclamation and conservation programme. Japan for many 
years has been spending many times the value of numerous 
critically eroding aieas in order to protect indispensable valley 
lands from the erosional debris issuing from such sore spots. 
There is no reason to assume that India can better afford to 
neglect this gigantic problem of waning soil productivity than 
any other country. 


Forests. 

One of the most valuable assets of India is her forests both 
from the point of view of material wealth they represent and 
their incalculable value to livestock and agriculture, providing 
food and giving natural protection against floods and dust 
storms. Their beneficial infiuence on climate, on the conserva- 
tion of the water supply, on the flow of streams and rivers 
and the prevention of the erosion of soil needs no emphasis. 

To realize how important it is to retain the natural pro- 
tection afforded by forests, one has only to look round at other 
countries and to see how large areas of land unsuited for per- 
manent cultivation which were alienated from forests and made 
into farms have now been abandoned to waste and desolation 
and in others how forest denudation has led to flooding and 
dust-storms which have brought widespread destruction and 
misery in their trail. 

With the steady growth year by year of knowledge of the 
importance of the part played by forests in the prosperity of 
countries, particularly an agricultural land like India, the 
problem has become of national interest. 

The character of the forests in India is largely governed 
by ramfall and elevation. Where the rainfall is heavy ever- 
green forests are found. Under a less copious rainfall deciduous 
forests appear, containing teak, sal, and a great variety of other 
valuable trees. Under k still smaller rainfall the vegetation 
becomes sparse, containing acacias, tamarind, etc. In the 
Himalayas, sub-tropical to arctic conditions are found, and the 
forests contain according to elevation, pines, firs, deodars, oaks, 
ohestnuts, etc. It has been the experience of all coimtries 
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that the natural processes of growth and reproduction by which 
forests are kept alive are incapable of keeping pace with man’s 
destructiveness, hence it is necessary to take special measures in 
the ultimate interests of the country to preserve its forests from 
reckless destruction. 


Forest Influences. 

If you read history, you are bound to believe in the pros- 
perity of the ancdent kingdoms, and if you compare their ancient 
grandeur with their present decay, and their ancient wealth 
with the amount produced to-day, you can only bo driven to 
one conclusion, and that is that the present decay of these 
countries is very largely due to the deterioration of the moisture 
that lies in the earth. Now, just imagine for a moment, what 
has happened to Persia. Take the example of the palace of the 
King of Kings, Darhis, who at one time reigned practically 
over the whole eastern world. (<an you imagine a man occupying 
his position, building his palac^e in the desert? But to-day, 
if you see the ruins of the palace of Darius in Susa, they stand 
in an uninhabited wilderness. Mesopotamia, which for genera- 
tions produced all the revenues of Persia by whic'h that country 
was able to wage wars against the Romans, has dt^generatod 
into a dreary waste and th(‘ hanging gardens of Babylon are 
a rubbish heap. No doubt the degradation of Babylon was 
partly due to the (h^struction of the irrigation works by the 
invasion of the Mongols, but alre‘ady at that time, the irrigation 
system of Mesopotamia was in a state of decay on account 
of th(*. destruction of the forests on the hills, and the bad regime 
of the Tigris and Euphrates vliu'h supplied the water for the 
finest irrigation system in the world, a vast system with which 
the Pan jab at the present day cannot compare. The same 
history has been repeat(»d all over the world. In Greece, 
Anatolia and Spain, the d('stru(*tion of the forests has seriously 
interfered wdth their climate, with their cultivation, and with 
the moisture content of their soil. So much has this been the 
case in ancient history that it has been stated that deforestation, 
by the lowering of the moisture content of the soil, thus decreasing 
the water supplies of the country, has done more damage than 
any war, and has resulted in the destruction of the greatest 
empires. 

Utility of Forests, 

The history of modem civilization is founded upon wood. 
Despite the increased use of iron and steel and their replace* 
ment of wood for many purj>oses it is a proved fact that the 
consumption of wood per head of population has been steadily 
increasing, unless limited by supplies, in all countries in propor- 
tion as the material prosperity of the people has increased. 
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In Europe and America the consumption of wood per capita 
is over 20 cubic feet ; in India it is under 2 cubic feet. Prosperity 
involves increased wood consumption and to supply the ever- 
growing requirements of the people is one of the most important 
of the functions of the forests. The great mass of the population 
of India are not townsmen but agriculturists who live in the 
country, and those of them who are fortunate enough to live 
in the vicinities of forests know that the forests mean to them 
much more than the mere production of timber and that the 
success of their cultivation of field crops is intimately bound 
up with the existence of the forests. A supply of firewood is 
one of the most essential needs of the people, and where there 
are no forests from which firewood (;an be obtained the people 
have been driven to burn cowdung which should have been 
used to fertilize their fields. There are innumerable cases whore 
the destruction of forests have led to the burning of cowdung 
with serious adverse results on the cultivation of croi)8. But 
apart from yielding firewood and poles for building houses the 
forests yield many other kinds of produce which the agri(‘ul- 
turist wants. They yield him timber for making his ploughs 
and other agricultural implements, bamboos for fencing and 
other purposes, thatching grass, grazing for his cattle, (alible 
fruits and flowers which help him to live more especially in 
times of famine, fibres for making roj)es, medicines for the sick, 
and many other articles. 

There are numerous indire(;t benefits confcTrcd by forests 
whose importance is not readily understood. 

Firstly, forests increase the relative humidity of the air, 
reduce evaporation, and maintain a more continuous degree of 
moisture in the soil. They also tend to increase precipitation 
of moisture. These effects are important from the agricultural 
point of view in a hot dry climate suc‘h as is prevalent over 
the most part of India. 

Secondly, forests assist in regulating the water supply by 
reducing the violence of floods and by rendering the flow of 
water in rivers more continuous. They further assist in pre- 
venting erosion. On denuded soils the rainfall rushes off the 
surface in torrents which gather in volume and sweep away the 
fertile top soil of the lancl. On forest-covered areas the rain- 
water is held up by the crowns and roots of the trees and the 
more spongy forest soil, with the result that it percolates more 
slowly into the grounci and emerges in the form of springs 
whi(;h supply the rivers more continuously with water. In 
areas where deforestation has been rapidly proceeding many of 
the streams which used to run all the year round have now 
dried up and this has had a bad effect on field crop cultivation. 
Innumerable examples of the serious effects of forest destruc- 
tion on the fertility of the soil and water supply could 
be quoted from all over Intlia. This valuable effect which 
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forests have in reducing the effect of erosion and floods is not, 
however, confined to the areas in which the forests are situated. 
The disastrous floods in the plains have been due to the 
destruction of the forests in the river watershed. Such floods 
tend to get greater and greater each year as the destruction of 
forests in the hill areas in which its tributaries have their source 
proceeds and unless this progressive destruction of forests 
is c‘hecked the time may one day come when still more disastrous 
effects of flood will be experienced. 

Thirdly, forests reduce the velocity of wind and protect 
adjoining fields against hot dry winds. They afford shelter to 
cattle and generally reduce the temperature of the air and 
render the climate more equable. 

Fourthly, forests incr(‘ase th(^ artistic beauty of the country 
and exercise a restful effect on the human min<3, thus assisting 
in furthering the happiness of the people. 

Forest and Floods. 

It has been often stated that a forest cover in a drainage 
basin materially reduces floods but forested areas are not free 
from the hazard of flood damage. Although the effect of 
forests upon run-off’ has often been overstated their effective- 
ness should not be depreciated. 

Adequate flood protection is largely dependent upon 
(‘ngineering structuri's but the forest cover should bo considered 
as a supplementaT-y prote(*tive measure. A closely forested 
area with its absorptive leaf-litter delays run-off somewhat 
and gives greater seasonal uniformity to the discharge of the 
streams. This slight retardation of run-off may serve to reduce 
floods provided the subsequent rains are delayed a suflSicient 
length of time to permit the lowering of the water table and 
a diying out of the litter. If the absorptive capacity of both the 
litter and the soil is reduced because of saturation heavy down- 
pours of rain will cause floods. Probably the most important 
effect of the forest cover is not in its effect upon surface run-off 
but upon its protection of the soil, which in rugged areas is 
susceptible of removal, and when both the forest cover and the 
absorptive topsoil have been removed, all rains, no matter 
what their spacing, yield rapid run-off. These indirect results 
are of major importance in the prevention of floods and in the 
maintenance of reservoir capacity whether the reservoirs be 
used for flood prevention or for other purposes. 

Deforestation in India, 

There can be little doubt that there were forests stretched 
over the greater part of India. In the Vedas, the earliest 
religious writings of the Hindus, in the epic poems of the Bamayan 
and the Mahabharat, references are made to dark, dense forest 
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areas situated in the Gangetic Plain, now a vast expanse of 
cultivation and for a thousand miles or more devoid of forest 
growth. Similarly the records of the wanderings of Chinese 
pilgrims (about 600 B.C.) frequently speak of miles and miles 
of very dense forests in the now almost treeless districts of 
Gorakhpur and Western Bengal. As late as the sixteenth 
century the Moghul Emperor Baber hunted tiger and other big 
animals of the forests along the Jumna river, in areas which 
have now become barren ravine deserts of stunted thorny 
bushes. 

In the turbulent days of early Indian history with the rise 
and fall of dynasties and powers, the areas of forest fluctuated, 
shrinking to make place for cultivation with the advent of a 
strong ruler, increasing again with the collapse of central power, 
or when wars, pestilence and famines redu(*ed the density and 
pressure of population. Thus we still find ruined and long 
forgotten cities in some parts of Indian forests. With the 
advent of the British rule in India, resulting in a great increase 
of population, with the attendant demand for timber for agri- 
cultural implements, constructional purposes, etc., a fierce 
onslaught was commenced on the forest areas and by the middle 
of the nineteenth century all traces of primeval forest in the 
Gangetic Plain disappear except in the mountainous regions. 
Thus the destruction of the forest area, or rather the diminution 
in the area of the forests within the boundaries of India, has 
been going on at a very great rate during the last 150 years. 
To give you an mstantje, when the Emperor Jehangir built the 
castle of Nurpur for his Queen, Nur Jehan, the Light of the 
World, he writes in his memoirs that forest was so thick that 
a bird could hardly spread its wings. But if you go to that 
place to-day, you will see nothing but a denuded hiU country, 
with hardly more than a few tufts of grass and thorn bush on 
which a few goats eke out a miserable existence. All that has 
happened in a period of not more than three hundred years; 
in that time the dense forest which clothed the outer Himalayas 
has been reduced to a negligible amount. 

Due to the reckless extermination of forests by man or 
through excessive grazing, fires or over-cultivation, the area 
covert by forests in the United Provinces has been reduced 
to 4% of the total area of the province and is confined almost 
entirely to the hiUs and submontane region. This in itself 
by all standards is inadequate to meet the diverse demands 
of a progressive country as it has been estimated that about 
20% of the area of a country should be covered by forests. 

Necessity of Forest Protection. 

There are two main reasons why such protection is necessary. 
Firstly, forests require protection from man. It is a common 
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failing in human nature that whenever any product is found 
in abundance its use is abused without thought for the future. 
The steady destruction of forests which has taken place in the 
old and new world is a striking example of this attitude on the 
part of man. The great Indian epics tell of the mighty forests 
which used to exist in the Gangotic Plain. At the present 
day there are only remnants of forests left which are confined 
to the hilly tracts of the country, and over most of the plains 
the people are put to hardships as they cannot get the forest 
produce on the supply of which the success of their (cultivation 
depends. The reclamation of forest land by bringing it under 
the plough is a sign of agricultui*al progress as the people must 
have food to live and the greater the area under cultivation 
the better. But there are large areas of forest land which 
have been cleared for cultivation, which should never have been 
cl( cared as the soil is poor and incapable of supporting field crops 
year after year. Good forests can be grown on land which is 
poor from the agricultural point of view, and on such poor 
soils forests should bo retained be<cause they are more valuable 
than fi(cld ctoi)s. TIkc pra(‘tice of shifting cultivation under 
which forest areas are (deared and burnt, cultivated for tv^o 
or three yc^ars, and then abandoned, has been responsible for 
destroying large artcas of forests. 

Apart from the clearing of forest land for purposes of 
cultivation there is anotlu^r factor which has been responsible 
for the destruction of numerous foncst areas in th(^ (‘ountry, and 
that is that, left to himsedf the villager takes no care of his 
forests. He hacks down the trees indiscriminately and allows 
his cattle and goats to graze all over the forest thereby pro- 
V(cnting any now trees from growing up to take the place of 
those he has removed. In how many thousands of villages can 
you see areas of barren v'aste land which formerly were covered 
with useful forest and which now' do not yield even a scanty 
supply of grass ? It is thus sufficiently evident that forests 
must be protected from the thoughtless acts of ignorant villagers 
who would otherwise destroy the forests with dire consequences 
for future generations. 


Forest Conservation. 

Forest conservation is a field of vast significance in Indian 
life. The services which forests can perform are mmierous and 
their influence far-reaching. Moreover, the renewable character 
of forests makes for a very practical phase of conservation. 
With sufficient forethought, the country’s resources c^n be 
kept at a level more nearly commensurate with its needs for 
wood products and other forest services, and, at the same time, 
much of the land which is now unproductive but suited to 
growing trees may be put to use. 
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Watee Resotjeces. 

One cannot imagine man separated from water any more 
than one can imagine him separated from land. Water is an 
essentia] part of his being. He uses it in innumerable ways and 
because in areas of dense population he has been favoured with 
it, frequently he spends it recklessly, thinks of it as he thinks 
of air as an unlimited requisite of existence, and gives little 
heed to its value. In drier regions water is held of great value, 
and stringent laws governing its use are formulated. 

The place of water in the lives of people in arid lands may 
be realized by the frequent rain ceremonies of the Hopi Indians 
and by the repeated references in the religious literatures of 
desert peoples, as the Bible and the Koran, to water as a blessing 
and to paradise as a place where there is abundant water. 

Our water comes from precipitation, and the average 
rainfall for India is about 42 inches per year. This average 
will lead us easily to the total amount of W'ater received by 
the country in one year but it tells nothing about the distribu- 
tion. 

The rainfall varies from almost nothing in the desert tracts 
of Rajputana to over 100 inches in the outer Himalaya and is 
profoundly affected by elevation and the distance from the sea. 
Most of the annual rainfall takes place in July, August and 
September during the summer monsoon; April and May are 
dry and intensely hot; the autumn is dry and in winter very 
little rain falls. Towards the north-west the rainfall decreases 
and the Panjab, formerl}’^ a desert, is now irrigated by a network 
of canals which take their origin from the rivers of the Himalayas. 

In regions of scant water supply, conflicts are likely to 
arise over water rights, and frequently in densely settled regions 
there must be a choice between its various uses. One arrange- 
ment of the uses of water in order of influence or importance 
is as follows : — 

1. Atmospheric moisture indispensable to organic life. 

2. Drinking water for man. 

3. Water used in agriculture and animal husbandry. 

4. Water as a habitat of fish and sea-food. 

5. Water used for generation of power. 

6. Water used for mechanical and chemical processes 

in industry. 

7. Water as a means for transportation. 

8. Water as a medium for the removal and purification 

of waste. 

9. Water as a recreational asset. 

10. Water as a determinant of political boundaries. 

11. Water used as ice. 

India, for the manifold uses of water, must depend upon 
its rainfall. The 42 inches of annual rainfall cannot suffice 
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for all of them. About one-half of the rainfall is evaporated 
and goes back into the atmosphere as water vapour; about 
one-third of it forms the run-oflf, draining by streams and rivers 
to the sea. This is the visible water supply, and the greater 
percentage of the use in the above list arises from this portion 
of the water. One-sixth of the rainfall sinks into the ground 
and forms ground water; this is a less well-known but very 
important reservoir of water which acts as a stabilizer of lake 
levels and stream flow and a source of water supply for the 
plant growth. 

The problem of the manipulation of the enormous amount 
of water which falls in India varies with the humidity or the 
aridity of the area. Evaporation, run-off and ground soak age 
are not uniform, and unwise pra(;tices may in(;reaso run-off to 
a danger point and destroy the balance sot up by natural 
agencies. Among the many problems of water are the control 
of floods which, for example, have caused great losses of life 
and property in the eastern Gangeti(^ Plain; the control of low 
water stages which have hindered navigation, as on the Ganges 
and the Brahmaputra rivers, or have caused losses of crops; 
its use for navigation, power, water supply for ( ities and tovrns, 
and the removal of refuse from houses and fac.tories; the tirosive 
tendencies of rain and streams; the silting of streams and 
consoquont deposition when stream flow decreases; its use for 
irrigation; the maintenance of the ground water supply and the 
stabilization of the water table, and thc^ use of water as a 
recreational appeal. A watc'r policy of th(’i country should be so 
established as to }d(d(l the greatest benefit possible from our 
water resources and be so regulated as to serve the greatest 
need. At all events, one needs take the stand that water is a 
highly valuable source, too precious to be wasted. 


Importance of Water for Domestic Purposes, 

Water is one of mankind’s most essential needs. Primitive 
settlements were located around springs and water- courses, 
and when the water failed the people wert^ driven from their 
homes. Palmyra, once a city of possibly more than 150, OOO 
people, vying with Damascus for the trade between Egypt and 
Babylon and reaching great promineni^e under the reign of 
Queen Zenobia, consists to-day of a few ruins in a desert land- 
scape while Damascus still exists. Both were oasis cities, but 
the drying up of the oasis at Palmyra spelled its doom. Later 
people learnt how to build aquedtK.ts and transport water 
from distant springs and rivers. When gold was discovered in 
the Australian desert in 1892, and the towns of Kalgoorlie and 
Coolgardie were founded, the district was practically waterless. 
For a while the railway transported water to the towns at a 
cost of about Rs.15,000 a day. In 1903, a water line was 
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completed from the Darling Range, 360 mileB away, and a 
delivery of 8,000,000 gallons daily resulted. So long are the 
pipes that they contain a month’s supply of water; in other 
words, the water takes one month in travelling from Mundar- 
ing to Kalgoorlie. 

Residents of the Indo-Gangetic Plain have not really 
appreciated the value of water as the dwellers in more arid 
regions have. The idea that there was an ample supply has 
been passed on from generation to generation. To-day it is 
nec^essary to combat the idea and treat water as a natural 
resource of limited though perhaps inexhaustible amount which 
must be conserved so that the supply at any one time may be 
adequate for our needs and particularly so that its misuse may 
not be a burden to future generations. 


Sources of Water Supply. 

Cities and towns in India obtain their water supply from 
many sources — lakes, tanks, wells, springs, tube-wells, and 
streams. Most rural towns and many urban localities depend 
on ground water for their domestic supply, and this comes to 
them in part through springs but largely through ordinary wells. 
In every rainfall where there is a surface mantle over the rocks 
a certain percentage of the water is absorbed by the soil (esti- 
mated average about 16%). This forms ground water. Its 
upper surface is known as the water table. The amount of 
ground water is muc.h greater than is commonly supposed. It 
has been said that there is enough water under ground so that, 
if it were brought to the surface, it w'ould form a layer probably 
5(X> to 1,000 feet deep. The depth of the w^ater tabic varies; 
in swamps the water table reaches to the surface, and in arid 
areas it may lie a hundred feet below the surfacjc. Frequently, 
in the Gangetic Plain, water is struck before one digs to 25-30 
feet. The water table depth in any single locality varies with the 
rainfall. A long period of drought takes a serious toll of the 
gi’ound water, and the water table may be so lowered that 
it falls below the level of the well bottoms and the wells become 
dry. If the drain is not heavy the water table is generally 
brought back to its normal level by succeeding falls of rain. 
An extended drought, however, may bring serious damage by 
killing off the vegetable cover and subjecting the soil to wind 
and later ram erosion. In some localities, the water table has 
been lowered beyond the level of efficiency by stripping the 
vegetation cover, as in excessive deforestation, and in the 
processes of extensive cultivation, soil erosion, and ditching. 
For example, it is estimated somewhat roughly that the water 
table over large areas in India has been lowered by 10 to 20 
feet by these methods. As an extreme example may be quoted 
the serious reduction in the base level of the Jumna River 
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where flooding and scouring has lowered its bed at Etawah 
60 feet in the last five centuries with a corresponding fall 
in the spring level. The cold weather level of the river is often 
120-200 feet below the surrounding country. The effect of 
this upon the ground water supplies is obvious. 


Irrigation. 

The arid and semi-arid regions of India like Sind, Raj- 
putana and the south-west Panjab which are practic^ally rainless 
have largely been rendorcxi habitable and their latent resources 
made available to man by the use of water for livestock sub- 
sistence and irrigation. Water, a vital resource in any environ- 
ment, assumes extraordinary significance in regions of loss 
rainfall. In the arid and semi-arid regions of India, the con- 
servancy of water becomes of permanent importance. 

The chief characteristics of the Indian rainfall are its 
unequal distribution throughout the country, seasonal irregu- 
larity of precipitation and liability to failure or partial defi- 
ciency in many tracts. But, vuthin individual tracts, remark- 
ably wide variations in total annual rainfall are found. Such 
tracts include practically the whole of the Panjab and North- 
West Frontier Province, the United Provinces, except the sub- 
mountain regions, Sind, a large portion of Bihar, most of the 
Madras and Bombay Presidencies, omitting the coastal bolts, 
and X)ortions of the Central Provinces. The (concentration of 
the principal rainfall in less than a third of the year places 
a very definite limit on the agriculture of the country. Thus 
our agriculture cannot afford to dt^pend (exclusively on rainfall 
and it becomes necessary to provide^ the agriculturist with suitable 
irrigation facilities. 

The advantages of iirigation are numerous, the principal 
one being an incxease in thc^ yield of crops, the successful intro- 
duction of a stable agriculture in arid and precarious tracts, 
protection from and insurance against famines and scarcity and 
larger railway profits in agricultural jjrovinces. The Indian 
canal system is by far the largest in the world. Of the total 
cultivated area of 280 million acres, no less than 60 million are 
irrigated from one source or another. 


Greater dermnd for Water. 

In view of the rapid increase in India’s population and 
consequent increase of pressure on land the demand for more 
water for irrigation and for better distribution of the existing 
supplies becomes annually more insistent. 
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Water Power and its Conservation, 

Importance of Power : Mechanical power is the heart of 
modern civilization. Until means of mechanical power were 
developed man was unable to gain any definite control over the 
elements. The power-driven machine and its accompanying 
division of labour have almost entirely replaced the self-reliant 
workman of former decades. Man’s welfare and comfort depend 
upon a continued and uninterrupted supply of power. Power is 
as essential a part of the necessities of modern life as are food, 
clothing, and homes. Indeed, without the use of mechanical 
power man’s necessities and luxuries would be limited to the 
products of his immediate locale. The use of power allows 
him to live where he desires, to have his wants carried to his 
home, and to be transported to and from his work. 

Sources of Power. 

The principal sources of power available in India arc coal, 
wood-fuel, oil, wind and water. Coal is India’s most important 
mineral and India produces more coal than any other part of 
the British Empire with the exception of the United Kingdom. 
Most of the coal raised in India comes from Bengal, Bihar and 
Orissa (the Gondwana coal-fields). Outside these provinces, 
coal is obtained from Hyderabad State, Central Provinc^es, 
Assam, the Panjab and Balucjhistan. Rajputana, Bikaner ami 
Central India also contribute a small amount to the total coal 
supplies of India. Indian coal is thus very unevenly distribiited, 
the deficiency being especially marked in the case of the penin- 
sula. The absence of coal supplies coupled with the high cost 
of railway transport acjted as a great handicap to the growth 
of industries and this had to be overcome partially by the use 
of hydro-electric power. The utility of forests as supplier 
of wood-fuel has already been referred. Many of the Indian 
forests are, however, confined to hilly tracts from which trans- 
port is a matter of great difficulty and expense. Moreover, 
it is doubtful whether the supply of wood -fuel could keep pacie 
with the demand for it for industrial purposes. The position 
with regard to India’s oil resourcjes has completely changed 
due to the separation from India of Burma from which nino- 
tenths of the indigenous petroleum was obtained. As the 
possibility of the oil-bearing areas in Balucjhistan, the Panjab, 
Assam, etc., must still be regarded as problematical, it would be 
unwise to place much reliance on this particular form of power. 

Water Power, 

As is evident the situation in India with regard to the 
supply of coal, wood-fuel or oil for purposes of generation of 
power is not quite so favourable as might be desired. There 
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are, however, fair prospects for the development of water 
power resources at its command. These have been limited so 
far on account of the seasonal character of the rainfall making 
costly storage works indispensable. In spite of this limitation, 
there are many potential possibilities of tremendous importance 
and within recent years considerable attention has been given 
to large hydro-electric power schemes. It is hoped that these 
schemes will not only serve the purpose of supplying power to 
tho industries but also of extending the irrigation facilities in 
India. 

Electricity for Villages. 

We may even be tempted to dream of a time when every 
village within a reasonable distance from a hydro-electric power 
station will receive its supply of electric current to help the 
development of rural industries and increase the amenities of 
rural life, A start has been madt^ and development on these 
lin(‘S has been undertaken extensively in the Unified Provinc^es. 
The power available at falls on peremnial irrigation canals has 
been harn(\ssed and converted into elec^trical energy. The 
power so generated is being utilized for eommercial, domestic 
and agricultural ]>urj)oses. But on the whole there are great 
obstaeles in the path of realization of all these bright visions. 
The initial expenses of most of the hydro-elec^tric schemes in 
India is heavy. The rainfall being seasonal, costly storage 
constructions are necessary and the expenditure thus incurred 
mak('s it difficult to supply power sufficiently cheap. Whether 
science will be able to remove this diffic^ulty, the future alone 
can show. 

Floods and Flood Control. 

Rivers come into existence as a rc'sult of precipitation 
falling uiK)n tlu^ (‘arth’s surface, and have jis their chief function 
tho drainage of the excess waters to the sea. The lands re-^ceivo 
their prec-ipitation at very irrt'gular int(Tvals, and as a result 
the river with a uniform discharges do(‘s not exist. If all preci- 
pitation could bo absorbed into the (^arth to become a part of 
the ground water and then discharged more or less evenly the 
streams probably could be confined to their channels. But an 
important proportion of the precipitation never becomes a part 
of the ground water but flows quickly to the water-courses, 
swelling the streams beyond their constraining banks. Tho 
placid stream fed largely by underground waters becomes in 
times of flood a raging torrent. With its capacity and its 
competency greatly increased, tho river in flood becomes a 
powerful agent of destruction. Streams vary greatly in their 
capacity for destruction, but none is without its flood problem. 

The fertile alluvial lands of the Nile, the Tigris-Euphrates, 
the Hwang Ho, and the Mississippi, the creation of their 
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respective rivers are repeatedly inundated, bringing death to 
millions and destruction to the works of man. The great rivers 
are, at the same time, the giver and destroyer of life and property. 
Smaller streams suffer from recurring floods, and the damage 
done is locally very great. The flood problem may be said to 
have its beginning when waters derived from run-off and under- 
ground sources spread beyond the restricting channel of the 
stream. 

Flood Destr'uction, 

The predisposition of the people to pre-empt the rich 
riverine lands for both agricultural, industrial and commercial 
purposes subjects them to the hazards of the recurring floods. 
Many of our large cities such as Delhi, Agra, Cawnpore, Lucknow, 
Benares and Patna were founded upon rivers when the water- 
courses were the principal highways of commerce. The use of 
lowlands for industrial and commercial purposes has caused 
excessive damage at times of flood, due both to the destruction 
of property and the suspension of business. Lands once used 
for private purposes are not easily relinquished, for the owners, 
especially if individual landholders, can hardly afford to abandon 
the properties to the use of the river. In such areas the recurring 
floods cause increased damage due to an increase in property 
values through the years. Urban areas subject to floods are 
abandoned only with great diflSculty, for both industries seeking 
lowland values and people of the low-income class seeking low 
rentals are likely to locate on these cheaper lands along the rivers. 
Protection against floods is sought before abandonment is con- 
sidered. If protective embankments prove adequate property 
values incTease and the utilization of land is intensified. Then 
an unprecedented flood which breaks through the embankments 
causes great damage. The increased property damage in many 
cities is duo to man’s encroachment upon the river. 

In agricultural areas the amount of damage depends upon 
the intensive economic use to which the land is subjected. 
The inundation of the crop lands may greatly reduce the yield 
or completely ruin the crop. The losses in rural areas are 
offset in jjart by the enrichment of the lands by the deposition 
of silts. The fertile topsoil eroded from the slope land within 
the drainage basin is deposited in part along the alluvial plains 
of the master stream and the major tributaries if they are 
aggrading streams. In some areas the spreading of coarse 
sand and gravels along a flood-plain may depreciate the value 
of the land for crops. 


Causes of Floods, 

Floods are results of many conditions working singly or 
in combination. Usually no single cause can be assign^ the 
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whole responsibility. The immediate cause of most floods, 
however, is the excessive run-off from precipitation of high 
intensity, though many other conditions may be necessary to 
cause a great flood. 

Flood. Cmiirol. 

To escape from the danger of floods various control measures 
either singly or in combination have been utilized to provide 
the necessary protection. Probably one of the earliest methods 
used to esc^ape from floods was to evacuate the area at the 
first warnings of impending danger. Flight to safe areas could 
hardly be) interpreted as flooel protection but it tlid mean the 
protee'tion of life and a limited amount of property. This 
method is still used when other methods of protection fail. 
Throughout the history of civilized man the fertile alluvial 
lowlands have been preferred areas of habitation; and, as 
high water menacied periodically the homes of the people the 
j)rotecting d^'^ke or embanliment became one of the first methods 
of de'fenc() against floods. In other countries the flood problems 
are being attacked by various methods. One of the simplest 
and most individual methods of flood protection is channel 
improvement. Embankments are very commonly associated 
with other local preventive measures used along the smaller 
as well as the major streams. Further, the problem of flood 
protection may be x^artially solved by the Uvse of preventive 
works in the head stream area of a drainage basin. Under 
certain cotiditions these storage reservoirs not only provide a 
solution to flood problems but may be used for other purposes 
such as water suppl}’, power, irrigation, etc. 

J'he Responsibility for Flood Control, 

The control of floods is a responsibility which extends 
beyond the limits of the inundated area. Floods have no 
respect for political jurisdictions, just as political boundaries 
show little relation to hydrographic boundaries. Since flooded 
areas seldom coincide predseh^ with political areas the existing 
minor civil divisions such as tahsils and districts are unable 
individually to cope with the flood problem. 

Individual Responsibility, 

The flood problem begins with the formation of a tiny rivulet 
in the farmer's field. Its control is both a personal and a social 
responsibility. His jxjrsonal interest is not confined to the 
hazard of floods on his farm but to the associated loss of soil 
as the run-off gathers into rivulets which converge into larger 
and more devastating streams, producing both water and soil 
damage. 

12 
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The individual landowner, though he may have a humani- 
tarian interest in the flood hazards of the drainage basin in 
which he lives, can do little towards the solution of the problem, 
especially if he lives beside a large stream. In rural areas 
when streams are small, individual farms may, by channel im- 
provements and the construction of embankments, give protec- 
tion to their low-lying lands. The clearing of a stream channel 
of driftwood, trees, and other obstructions may so facilitate 
the flow during the time of high water that the channel is 
widened, thus increasing its capacity. 

Imperceptibly the personal responsibility of many indivi- 
duals enlarges to a regional responsibility co-extensive with 
each important drainage basin. 

Regional Aspects of Flood Control. 

Planning for the best use of water resources is essentially 
a regional responsibility, the region being coincident with the 
drainage basin of the streams concerned. This concept of the 
planning region cannot bo adhered to rigidly, for the transmis- 
sion of water power in the form of electricity and the distribu- 
tion of water for irrigation and municipal purposes extend far 
beyond the limits of drainage basin, and require a modification 
of the hydrographic region to include adjacent areas which 
constitute the peripheral sections of an economic region. 

The problem of flood control, however, is rather strictly 
confined to the drainage basin. So long as control measures 
involve only riverine works the plan would requke the 
co-operation of riverside communities but as control is extended 
to include preventive measui’es the whole drainage basin should 
be organized into a unit. The obstacles which make difficult 
the realization of this ideal are many, and probably will stand 
in the way of a strictly regional organization based upon the 
hydrographic basin. 

Responsibility of the Provinces and the Central Oovernment, 

Where a drainage basin lies entirely within a single prov- 
ince the responsibility of handling the many water problems 
lies on it. Flood problems which involve two or more provinces 
may require inter-provincial co-operation in order that a flood- 
control programme may bo extended to all parts of the drainage 
basin. The co-operation should include not only an inter- 
provincial agreement but also a uniformity of laws to facilitate 
the work connected with flood control. The State’s responsi- 
bility also extends to finance the operations. For such purposes 
excessive expenditures may be justified, but there should be a 
careful scrutiny of all flood-control plans to make certain that 
the benefits to be gained equal or exceed the cost of the protective 
works. 


I2B 
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Conclusion. 

In conclusion I would emphasize that soil erosion in India 
has become a matter of vital concern and d(miands immediate 
attention. The improvement and fertility of Indian soils is 
another important problem. Planning on a wide scale to main- 
tain sod fertility is, therefore, of supreme importance to the 
country in her campaign of rural reconstruction. Th(' lapid 
inc^rease in population since British oc(;ui)ation has greatly 
intensified pressure on the land, caused the cultivation of mu(^h 
unsuitable ground and shortened the resting periods betwc^en 
cultivation that are frequently necessary for the stability of 
tropical sods. The human population of India is increasing 
at the rate of about 4 to 5 mdlions per annum. Much of this 
increase is occurring in the tract where nature in the first 
place provided easy conditions for human settlement, namely 
rainfall not too heavy for the ordinary farm crops, and natural 
grasslands in whic^h cattle thrive. Therefore, much of thc^ 
weight of this incjreasing population is falling upon the tension 
bolt whore grassland can persist only under reasonable treatment , 
and if once destroyed cannot reinstate itself as easily as it can 
under a slightly heavier or better distributed rainfall. Hence 
over very large tract of country natural grasslands have already 
disappeared and vdlage livestock are dependent upon bush 
and tree growth for their day-to-day existence. The amount 
of erosion caused directly through over-cultivation and over- 
grazing has become a national menace. 

The conservation of forests and water resources of India 
are also vitally connected with the problem of ever-increasing 
population of the country and require a sound plaiming. 

We should, therefort^, nn^ognize that problems of conserva- 
tion are vital to each and every (utizen of the nation. To 
one who is alive to thc^ significance and magnitude of the problem 
of providing postt'i ity vith the umaxiH of a richer and happier 
life the conservation of the natural resources and their economic 
exploitation will appear to bo the only possible solution. The 
development and administration of (conservation projects will 
demand the full time of a large staff of experts maintained b>' 
the State, and it is gratifying to note that the Imperial Council 
of Agricultural Research and Provincial Governments are 
directing their strenuous efforts towards the execution of sudi 
projects, yet much cannot be achieved without the cordial 
support and co-operation of all citizens whether they are devel- 
oping natural resources which they own privately or developing 
resources on public lands. The spirit of conservation demands 
that we recognize limitations to our personal rights in the 
utilization of gifts made by nature and render best services in 
the execution of local, provincial and national projects of 
conservation. 
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Presidential Address 

{Delivered OH Jan. 4. 1941) 

THE RESPIRATION OF PLANTS IN LIGHT 
Ladies and Gentlemen, 

I am deeply sensible of the honour done to mc^ by the 
invitation to presidp over the section of Botany at this 28th 
Session of the Indian Science (Congress. An honour like this is 
in itself a matter for gratification, but it becomes (Jf>ubly welcome 
when the Congress happens to meet at Benares — the place of 
my birth and early education. 1 recall that fifteen years ago in 
this very city a gn^at te^achor and a kind friend, Professor 
R. S. Inarndar, occupied the presidential chair, l^rofessor 
Tnamdar was one^ of the founders of the School of Plant Physiology 
in India, ami his memory as a Prof(‘Ssor will for (‘verjie ({herishcd 
I'sjKMjially by his former pupils. 

For the purpose of my address tlu^ Scission at Benares is 
particularly opjjortune. Benares was and is the home of 
physiologicial research. Tlie subject of my address whiidi is on 
some physiological problems, though specialized, may jx'rhajis 
interest a larger body of scientists. 

The Theory of Photoouemk^al Action 

With the rapid advance of Science towards unravelling the 
mystery of light and bridging the gulf between light and matter, 
the subject of Photochemistry has, as rapidly, Jorged ahead. 
Invitro experiments have enabk^d us to get ek'an r (ionceptions 
of photos}'nthctic and photo-oxidative reactions. Th(‘si‘ reactions 
are, howov<T*, far moic complicated in the living matter anrl my 
aim here w ill be to discuss w^hether or not jdioto-oxidations take 
place in the plants, as well, or, in other words, whethei theie is a 
‘Light respiration’ as opposed to ‘Lark rc‘spiration’ in plants. 
But before we start on the problem itself let us briefly understand 
the general theory of photochemical action. Photochemical 
reactions are chemical reactions wiiicli are produced directly or 
indirectly by absorption of radiation. This w as first propounded 
by Grotthus (1819) and, at a later date, independimtly by 
Draper (1841). Consider now a beam of light, comiioseil of 
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various wavelengths, falling on a chemical molecule. Light 
consists of a series of periodic electro-magnetic disturbances of 
various periods of vibration. A molecule has also a certain 
period of vibration. Thus those light waves that have similar 
periods of vibration as the molecule will get absorbed and by so 
<loing set up a resonant vibration in the molecule, which may 
reach an amplitude great enough to bring about a chemicaJ 
change. Such changes may lead either to an increase of energy 
or to a decrease. A simple case of a former type of reaction is 
that of anthracene which, in light, pol 3 rmerizes to di-anthracene 
and thereby the stored energy is increased. The assimilation 
of carbon by gretm plants is a case of complex reactions loading 
to an increase in energy. Photochemical reactions, however, 
j esulting in the loss of energy may according to Weigert be 
divided into ( 1 ) compound reactions and (2) catalytic reactions. 
In the (uise of the compound reactions the products of photo- 
chemical change are used up in another reaction. The i)hoto- 
graphic plate may serve as an example. By the action of light 
bromine is liberatexl from silver bromide thus ibrming an inter- 
mediate product. This then combines ^dth the gelatine on the 
plate causing bromination of the gelatine. Respiration in j)lants, 
obviously, (;annot come under this category, for in this case 
light is essential for bringing about the production of intermediate 
substances ; it is not so in the respiratory process. On the other 
hand, there are numerous photochemical reactions which even in 
darkness, after a i>eriod of illumination, proceed at a speed 
greater than their thermal velocity. These show the pheno- 
menon of ‘After effect’. In such cases, in all probability, the 
increased quantum yield may be due to the formation of a 
catalyst. The well-known reaction of iodoform in chloroform, 
which liberates iodine in light and continues to do so even in 
darkness with a sufficient velocity which is, however, less than that 
in light will serve as an example. Such reactions will come 
under Weigert ’s second group, viz. catalytic reactions. All these 
reactions whether they be anabolic or catabolic must be preceded 
by an activation process. The ordinary vital reactions are slow 
for the simple reason that large numbers of molecules do not 
move with a very high velocity which is necessary for chemical 
reactions. Ordinarily, all the molecules do not move with such 
high velocities and thus the reaction goes on in darkness at a 
slow rate, but in light the molecules absorb radiant energy and 
thus increase their vibration velocity. According to the third 
law of dynamics, however, any reaction, that causes the diminu- 
tion of free ene^rgy, must take place, for by so doing free energy is 
decreased. Thus after the vibration velocity increases, a reaction 
leading to the diminution of free energy takes place. Fig. 1 
may servo to explain this point. 

An unactivated molecule of CeH|206 will not oxidize to 
CO 2 and H 2 O in the same manner as a ball kept on a roof will 
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not fall below. The ball has to be pushed to enable it to fall, 
so also the sugar has to be activated first before any katabolio 
reaction takes place. In both the oases there is a loss of energy. 



Fio. 1. 


Thus in all cases of such reactions, even though there be a final 
loss of energy, intake of a specific quantity of energy must at 
first take place. 

The Primaky Photochemical Process 

With the development of the modern method of research in 
photochemical reactions the role of the primary absorption process 
in gaseous reactions has been of great importance in discussing 
the mechanism of the total (primary and secondary) photo- 
chemical change. 

In this connection the quantum theory of Stark ^6 and its 
subsequent development by Einstein is of great importance. 
Einstein assumed that absorbed light energy in amount equal to 
NAv should bring to reaction v molecules, provided the time 
interval between the absorption of an energy quantum by a 
molecule and its subsequent reaction was small in comparison 
with the mean life of activated molecules. 

According to Bodenstein ^ the primary effect of the 
absorption of light is the ionization of the molecules, but this 
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has been found to be invalid. Later Warburg ss and Nernst ^4 
advanced the view that dissociation of the molecules occur as a 
result of the primary photochemical process. 

The phenomenon of light absorption by both the atomic 
and molecular systems have recently been studied by Franck 
Rollef8on84 and others and it has been argued that in the 
atomic system, the atom in question is excited to a higher energy 
level and the excitation energy is utilized in the secondary 
reaction in presence of other gas molecules. 

Similarly, for atomically bound molecules, if the absorption 
lies in the continuous region then according to Franck the 
molecules will bo dissociated into atoms and one of the atoms 
will be in the excited state and in the presence of some chemically 
reacting component the excited atom will react and bring about 
the net photochemical change. 

Recently, Bhattacharya ^ has shown that the role of the 
primary absorption process is activation or may be atomization 
of the molecules which is but a physical change in the state of 
the molecules. The electronic energy absorbed is subsequently 
transformed into kinetic energj^ which makes the molecules 
more reactive with the result that the initial rate of secondary 
chemical reaction is accelerated. Bhattacharya has further 
shown that the temperature coefficient for the primary pro(?ess 
in photochemical reaction is unity. 

In brief, the exact position of the present idea about the 
primary absorption process in photochemical reaction is that 
the absorbed energy is responsible for the initial acceleration of 
the thermal reactions in light and that the photochemical 
reaction is the continued effect of this absorption process together 
with the secondary chemical changes which may set up chains. 

With this preliminary talk on the present knowledge of 
photochemical reactions I shall now proceed to apply it in the 
case of plant respiration. 

Historical review : 

The earlier work on this branch of the subject is very 
scanty. Tt was Borodin ^ who discovered an indirect relation 
between light and respiration. He found that the respiration 
activity of leafy twigs gradually decreases in darkness. Bonnier 
and JViangin ^ showed that light has a direct effect on the 
resi)iratory jnechanism. If plants are plactid alternatively in 
light and darkness a retaiding influence of light is noticed. This 
has no relation to carbon assimilation, for this effect is noticed 
even in plants without chlorophyll. 

Maximov 23 finds that the effect of light upon Aspergillus 
niger varies with the age of the culture as also with the nature 
of the nutrient medium. Day ® found 3% to 4% more respiration 
for barley in diffuse daylight. 
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Spoehr ss divides the light reactions into two classes direct 
and indirect. In the first, with which we are here concerned, 
light directly acts bringing about physico-chemical changes of 
certain physiologically important substances within the organism. 

Warburg 38 finds that light has some photochemical effect 
on respiration. Working on yeast h(} finds that respiration is 
arrest^ by the presence of CO. But if a mixture of yeast and 
CO is exposed to light, respiration re-starts. This is due to the 
dissociation in light of the CO which is bound to the Fe of the 
respiratory ferment. 

Recently, De Boer working critically with fungi finds no 
effect of light on respiration. This, as subsequently discussed, 
may be due to the inability of the colourless fungi to absorb the 
necessary radiation. For, to cause a primary photochemical 
process to take place, light must be absorbed in the system. 

It should also be pointed out, that it is not necessarily true, 
that chemical reacition must follow absorption. For instance if 
radiations of long wavelengths are absorbed the quantum of 
energy may be too small to effect a reaction. It is possible 
that colourless fungi either cannot absorb radiations or absorb f 
such radiations as are incapable of' producing any (.‘heniical 
reactions. 

The problem of the effect of light on I'espiration has been 
investigated in our laboratory from five different angles, viz.: — 

(1) The respiration of non-gretm but coloured leaves and 

flowers in light. 

(2) The respii’ation of coloiu’less organs, like roots, in 

light. 

(3) The respiration of green leaves in light and the after 

effect. 

(4) Th(i effect of tenqxu’ature and light upon respiration. 

(5) And finally, in view of our knowledge of respiration in 

light, the study of the real assimilation rate of 
carbon. We shall discuss these one by one and 
then try to arrive at some definite conclusions. 

The floating respiration : 

Most plants, respiring in darkness, sliow a slow fall in their 
respiration rate, when l)rought from light to darkness. This 
unstable transitoi y phase is noticed only at the first phase of 
respiration and is cidled the ‘ floating ’ respiration hy Blacikman ^ ; 
while the low steady rate of respiration reachetl lifter the floating 
part is the ‘protoplasmic’ respiration. 

That starvation is definitely not resjionsible for the fall in 
the floating part of the respiration curve, is shown by Ranjan 
for Mangifera and Eugenia leaves. The leaves of these plants 
possess enough food material in reserve to maintain a high rate 
of respiration for weeks. 
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Physiological starvation, however, which can be brought 
about by high temperature, due to the shifting of the starch ^ 
sugar balance so that the available sugar decreases, is well 
known, but the laboratory temperature of 35°C. at which the 
experiments were conducted was not higher than the temperature 
in the open in the tropics. Thus physiological starvation too 
cannot explain the fall in the respiration rate. 

In the light of the subsequent results, herein described, one 
is forced to conclude that this fall in the respiration rate at the 
‘floating part’ is due to the direct effect of the absence of solar 
radiations on plant respiration. 

The respiration of non-green hut coloured leaves and flowers : 

Work on the colourless leaves of Croton by Ranjan^o shows, 
that during the first phase of respiration in darkness a slow fall 
o the typical floating type is noticed. When these leaves were 
illuminated from a 1,000 W. lamp, kept at a distance of one foot, 
the respiration rate actually showed a distinct increase throughout 
t»he period that the leaf was in light (Fig. 2). 


•Dark 



On removing the source of light the respiration rate fell off 
to assume the rate of respiration in darkness. The temperature 
all the while was kept steady, as the heat from the lamp was 
absorbed by a screen of flowing water interposed between the 
lamp and the plant material. 

This rise in respiration can only be due to the catalyzing 
action of light. Further proof of this was furnished by the 
work on the coloured flowers. 

It must be noted here, however, that most of the colourless 
leaves of Croton are not wholly devoid of colour but are faintly 
coloured yellow. Parija27 and Saran’s work confirm these 
results. Working on the albino varieties of Aralia they found 
that by exposing these plants even to a short period of diffused 


Section VI y Botany, 


187 


< 7 ) 


light, the respiration rate after the exposure got augmented. 
It is quite probable that these albino varieties like the faintly 
yellow leaves of Groton contained some pigment. 

The bate of Respiration of some coloured flowers 

Ranjan and Saxona 33 working on the inflorescences of 
Bougainvilleay (yellow and pink) Nerium flowers and yellow 



Hours 

{Nerium— -jnnk) 


Fio. 3. 



Fio. 4. 


188 Proc. 28th l.S,G. : Part II : Presidential Addresses. (8) 


Ganna flowers, found that the floating respiration in both 
Bougainvillta and Neritm showed the usual fall and when after 
about 18-20 hours’ light was administered from a 1,500 W, 
Osrarn lamp kept at a distance of one foot, the respiration rate 
quicklj^ went up. Once the high peak was reached, the respira- 
tion rate, however, slightly declined off even in light. 

When the plants were brought back to darkness, the 
respiration rate steadily fell off. The respiration of Ganna 
flowers, on the other hand, behaves somewhat diflferently to the 
respiration of Nerium or Bougainvillea. In Ganna ^ Fig. 5, one 
notices a total absence of an}^ fall in the ‘floating’ respiration 
while the increase in the respiration rate in light is only very 
slight. Thus there appears to be a certain co-relation, between 
the fall in the ‘ floating ’ respiration and a rise in the respiration 
when plants are exposed to light. 



(Canna) 
FlO. 5. 


This fact leads us to suggest that if normally the floating 
resjflration keejjs low from the veiy start, then the subsequent 
exposure to light will bring about no change in the respiration 
rate. 

The analysis of both the plastid and anthoeyanin pigment s 
oi‘ these flowers revealed that whereas in Nerium and Bougainvillea 
these pigments were in abundance, Ganna flowers contained 
very little of them. If now, the solar energy of the right fre- 
quency is arrested by such pigments, then the carbohydrate 
molecules in Nerium and Bougamvillea will necessarily get 
activated and so bring about increased respiration. From the 
same viewpoint the respiration of Ganna, which contained less 
of these pigments, will remain low in light. 
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In the cases of Nerium and Bougainvillea, there was a 
long continuous fall when the plants were brought from open 
sunshine to darkness in the laboratory and so also there was a 
long continuous fall after the laboratory illumination to darkness. 
(See figs. 3 and 4.) This feature is of considerable importance, 
for, while assuming that respiration in light is also a photo- 
chemical process, one will not be able to apply Einstein’s law of 
photochemical equivalence. For, we have seen that even when 
light is cut off the reaction goes on at a relatively fast rate, 
though diminishing in its rate during successive hours. In- 
vitro experiments on photochemical reactions may give us some 
insight into this type of complicated reactions. For instance, in 
the case of chain reactions mot with in certain types of photo- 
chemical actions the products of reactions liberate sufficient 
energy to activate additional reactants, causing a chain of 
reactions to take place. An illustration may serve to explain 
the point. In the formation of HCl from Ho and CI 2 , the 
following chain reaction is supposed to take place. 

Cl2“f"li§ht == 2C1. 

Cl+Hs = IICI+H. 

H-fClo = HCl+Cl. 

(l-f-H 2 = HCI+H. And so on. 

As 1 have said before it is now well established that even 
in exothermal reactions the reacting molecules have to got 
excited before they can react and T cited the case of a ball 
which has to bo pushed from a roof before it (‘.an fall and thus 
lose its energy. Now in the photochemical synthesis of HCl 
from H 2 and CI 2 , if q be the energy given out in the reaction 
and hv is the energy which is necessary to activate the CI 2 
molecule, then in the reaction the energy given out will be q-—hv. 
Obviously, this energy is greater than hv, and is, therefore, 
sufficient to activate a second molecule of chlorine, which on 
reacting will liberate again a sufficient quantity of energy to 
bring about a reaction of the third molecule. 

If the energy is not dissipated away then once a reaction 
starts it will continue indefinitely. But the energy does get 
dissipated hence a gradual loss in the reaction rate. The slow 
fall in the rate of respiration when plants are brought from 
light to darkness, could also bo explained on somewhat similar 
lines, viz. (1) the accelerated pace set up in light continues 
owing to chain reactions even in darkness, but (2) owing to 
other reactions in which catalysts are likely to play a part, the 
chain reactions break up and the respiration rate drops off. 

The quick rise of the respiration rate and its subsequent 
slight fall even during the j>eriod of exposure to light is more 
difficult to explain and may be due to a variety of causes, 
amongst the foremost of them being the effect of light on (1) 
the permeability of the protoplasm, (2) the viscosity of the 
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protoplasm, (3) the plasma membrane, (4) the action on enzymes, 
or (5) the formation of internal filters. 

In this short paper it is not possible to give full justice to 
the works of various investigators on these problems, but a 
few of the more important recent works will be dealt with. 

Lepe8chkin22 using the pulvinus cells of Phaseolus and 
Spirogyra filaments concludes that light increases the per- 
meabihty to KNO 3 with increased illumination. He used the 
isotonic coefficient method. Later Zycha ^2 criticized this 
method and showed that Lepeschkin’s results are unreliable. 
Hoffmann using the Hofler plasmometric method also finds an 
increase in permeability. Hoagland and Davis is measured 
directly the amount of anion accumulating in the sap of Nitella 
in darkness and in white light. They found that light accelerated 
the accumulation of the anions. These authors think that light 
causes a change in the metabolic process. On the whole, there is 
a preponderance of opinion in favour of the increase in per- 
meability in light. If that were so, then the decrease of respiration 
in prolonged exposure to strong light may be ascribed to this 
phenomenon. 

Moreover, light also affects the viscosity of the protoplasm 
as has been shown by Huber 20 ^ Weber®® and others. Weber 
noted the difference in the form of plasmolysis. Convex 
plasmolysis is associated with relativity low viscosity and concave 
with high viscosity. Leaves in darkness show ‘convex’ while 
loaves in light show concave plasmolysis. Hence he concludes 
that viscosity is higher in the light than in darkness. 

Heilbrunn and Daugherty have shown that ultraviolet 
light releases calcium from the cell cortex, which then enters 
the protoplasm proper causing first liquefaction and then 
gelation. Now, as it is supposed, if the plasma membrane of a 
cell is a calcium gel, then light radiations will weaken such 
a gel by the removal of the calcium and consequently the 
permeability will increase. 

The action of radiations on th(^ enzymatic system is yet 
imperfectly understood. Most of the work so far done has boon 
with the extracts of enzymes, and that too in its impure form. 
So that it will be unsafe to draw definite conclusions from the 
results of experiments done in-vitro. But some in-vivo results 
are summarized below. 

Green’s work upon the action of light upon diastase 
solution, and upon diastase of the leaf showed that bright sun- 
light had no effect. 

Knott 21 found an increase in catalase activity of spinach 
after lengthening the photoperiod. Baly and Semmens® also 
report that when a strong beam of polarized light was made to 
faU upon the starch of potato, wheat, and corn, a rapid hydrolysis 
of starch to sugar occurred. On the other hand, Pinoussen28 
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observed the destruction of diastase by light in the presence of 
oxygen. 

Ranjan and Mallik^s showed that an exposure of green 
loaves to light increases the hexose content and this formation of 
hoxoso is correlated with the increase of catalase activity. 

It may, in this connection, be also mentioned that Chatterji ® 
found that injection of alcohol in the leaves of’ Engenia jarnbolana 
similarly increased both the hexose content and catalase activity. 

PaPs 26 work shows that light maj^ have considerable effect on 
the respiratory activity of fatty materials by changing the lipase 
activity and thereby altering the fatty acid — ^glycerol carbo- 
hydrate equilibrium. His work on Spirogyra 25 shows a profound 
effect of light on the metabolism of the algae in the conjugating 
stages probably due to some changes in the enzymic activities. 

That the fall in the respiration rate of leaves, when exposed 
to prolonged period of illumination may bo due to the formation 
of ‘internal filter’ is also possible. Oxygen may be one such 
filter. For during the exposure to light, carbon assimilation 
starts within the leaf' and the consequent formation of oxygen 
takes place. It had been shown in in-vitro experiments that O 2 
acts as a negative catalist. Its retarding influence on the photo- 
synthesis of HCl has been noticed. Dhar finds that oxygen 
retards the reduction of mercuric chloride by potassium oxalate 
in the dark. And Allmand and Webb ^ have shown that the 
photolysis of potassium feme oxalate practically stops on 
bubbling oxygen through the solution. Thus the slight fall in 
the respiratory rate may be due to some of these causes either 
acting singly or jointly, when leaves are subjected to prolonged 
exposure to light. 

The Respiration Rate of Roots 

I have said before that the respiration rate augments in 
light only in those cases where light energy of the right type is 
absorb(^d. This fact is further proved by experimentation on 
roots. For this work Pistia roots were chosen for the Pistia 
plant being a floating form , its roots are particularly suitable for 
experimental purposes. These roots, previous to their being 
put in the experimental chamber, were exposed to 2 hours of 
direct solar radiations. 

Unlike the respiration rate of leaves the respiration here is a 
flat horizontal curve and shows no fall in the floating part 
(Fig. 6). The rate of its respiration was found to be about the 
same as the ‘protoplasmic’ respiration of its shoots per gi*am of 
the plant material. Previous exposure to light brought no 
change in the respiration rate. This explains two points: (1) 
the roots being colourless, light energy, which could cause 
activation of the molecules is not absorbed, and (2) the ‘proto- 
plasmic’ respiration of green plants is the normal respiration in 
darkness. 
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The Respiration Rate of Green Leaves in Light 

Prom these considerations we now pass on to the respiration 
of green leaves in light. As is obvious, in light a green tissue 
will not show the emission of CO 2 , for as soon as it is produced 
in respiration, its reduction to carbohydrates will take place and 
no CO 2 will escape out of the stomata. Thus it is only by indirect 
means that the respiration rate in light can be found. 

The experiments on Eugenia leaves show that when light 
from a 1,000 W. Osram lamp was given from a distance of one 
foot from the plant chamber, the CO 2 of respiration in the 
pettenkofer tubes rapidly declined off as the photosynthesis 
(Fig. 7) increased. After 15 hours of exposure the leaves were 
again darkened and the CO 2 in the pettonkofers went up. 

During the period the leaves were in light, assimilation was 
going on and if even cdl the CO 2 of respiration was built back by 
assimilation — ^which of course is not the case — ^then at the end 
of light the rate of respiration should be the same as at the 
beginning of the illumination for the carbohydrates being the 
basic materials for respiration, their concentration should be 
the same at the end of light as at the beginning. 

The ‘after effect* of light, however, shows that the CO 2 
emission gradually increases, hour by hour, to a value which 
is in excess of the respiration rate just prior to light exposure; 
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and soon after attaining a maximum value the respiration rate 
starts to fall off. Now, if we accept the hypothesis that the 
respiration is highpr in light and that it grijually falls off in 
darkness, then the way to find out the respiration rate of a green 
leaf, in light, is to produce backwards the falling curve of 
respiration to the time at which light was switched off, i.e. to 
the time at which darkness began or to the zero hour of darkness. 
This has been drawn backwards in Fig. 7 marked A. The 



respiration rate, according to this hypothesis, is over 32 mg. 
CO 2 per 10 gm. of leaves per 3 hours in light but in darkness 
it falls off to about 20 mg. CO 2 per 3 hours. And the falling 
curve in-between these points (the floating respiration) is the 
^ after effect’ caused by the primary photochemical process 
setting up ‘chain reactions’. This thus accounts for the 
subsequent high rate of respiration for at least some time, even 
after the illumination is removed. That the ‘after eftect’ may 
last for several hours, has also been shown in in-vitro experiments. 
In the case of mercury vapour it has been observed that the life 
period of the excited atom is of the order sec. But recently 
Wood has observed that if a mercury lamp is started and then 
Switched off the glow persists for several seconds. In the case 
of solutions, Ghosh ib, Dhar 12 and others have shown that the 
‘after effect’ has been found to exist for about 2 or more hours. 
13 
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In the case of ferrous sulphate and iodine, Dhar and Mukerjii* 
found the ‘after effect* to last for 2 hours and 16 minutes, while 
in the case of the bleaching of dicyanin the * after effect ’ continued 
for 4 hours and 10 minutes. It may be argued that this difference 
in the life period of the active molecules is due to the complex 
nature of the solvent molecules with which these authors have 
worked. I may, therefore, venture to suggest that the nature of 
the plant cells is more complex and naturally once they are 
activated the ‘after effect’ may last for a long period. 

That the high peak of respiration is not reached all at once 
in experimentation is due to the numerous structural difficulties 
which impede the flow of CO 2 from the parenchyma cells of 
the leaf to the pettenkofer tubes. And by the time the new 
adjusted state can be arrived at, the respiration rate drops off 
hour by hour as the ‘ after effect * damps off* in darkness. 

Parija and Saran 27 have shown that light has no effect upon 
the respiration rate till after 40 hours in darkness. It is probable 
that for their leaves the first 40 hours are the period of floating 
respiration when the ‘ after effect * of light, due to the secondary 
photochemical reactions, is taking place. (Here the loaves were 
brought from light to the dark experimental condition of the 
laboratory.) And if during this period of ‘after effect* light 
were to be administered it might not show any effect. It is 
only when the effect of light has died down, e.g. at the proto- 
plasmic level, that the illumination will increase the respiration 
rate of leaves. 

I shall now attempt to discuss a few records of experimenta- 
tion on the influence of temperature on photochemical reactions 
in respiration. 

The Tempebaturb Effect upon Light Respiration 

In-vitro experiments by various investigators have shovn 
that generally speaking the temperature coefficient of a reaction 
occurring in light is much greater than unity but is smaller than 
that of the reaction in darkness. Dhar finds in the case of the 
oxidation of potassium oxalate by iodine that in darkness for a 
10°C. rise it has a value of 7’2 while in diffuse light the tempera- 
ture coefficient is 3-4. This is due to the activation of most 
molecules in light and thus further activation with rise of 
temperature is relatively smaller. 

The work*® on the temperature effect was done with the 
entire plants of Pistia which possesses a rosette of green leaves. 
The range of temperature vari^ from 20-6°C. to 40®C. Figs. 8-1 1 
give the respiratory index of the plants in light and darkness 
at temperatures of 20-6°C., 27°C., 36®C. and 40°C. The arrow- 
head Imes show the course of the protoplasmic respiration in 
darkness, and the continuous lines point out the low CO 2 
emission as seen by titrations of the contents of pettenkofer 

13B 
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Nevertheless, they bring out forcibly the basic facts that 
differences in increased respiration in light do exist at varying 
temperatures. The zero hour levels show that at 40®C. the 
respiration rate in light was in the neighbourhood of 10 Mg. 
CO 2 ; and at 36T. IM Mg. COg; at 27*^0. 8*6 Mg. COg ; and at 
20*6®C. only 6*6 Mg. COg. 

It is important now to know the relative increase of the 
respiration rate in light over the respiration rate of leaves in 
darkness. The measurements of this rise in the respiration rate 
in light show that it is twice at 40®C. while at 35®C, it is 2*2 and 
at 27°C. it is as much as 2*6 times. While at 20-5®C. the increase 
is only about Tl times. We thus find that the maximum rise 
in the respiration rate in light is at 27°C. though the maximum 
intensity is at 35°C. This marked increase in both rise and 
intensity which we find within the limits of 27° and 36° decreases 
with higher temperatures. On the other hand, the relative 
increase is again very small at low temperatures. 

Scheme of the Reactions and the Energy involved 

We assume that in respiration, as in photosynthesis, there 
are at least two reactions: (1) the primary reaction and (2) the 
secondary reaction; the former is both thermal as also photo- 
chemical, while the latter is only thermal. 

For convenience let us resolve these reactions in accordance 
with the following scheme: — 

A— B— C 

( 1 ) ( 2 ) 

A — B is primary and B — C is secondary. The rate of 
B — C will depend upon the rate of A — ^B. In dark at 20°C. 
both A — ^B and B — C are slow and the rate of respiration is 
consequently slow. If now light is given A — ^B becomes 
accelerated while B — C remains slow. Thus the reaction here is 
limited by the rate of B — C which being thermal, the augmenta- 
tion of respiration by light does not take place at this temperature. 
At 27°C. the rate of reaction B — C is capable of being faster 
than at 20°C. But the primary reaction A — ^B is not so much 
accelerated, for this reaction is also a photochemical one and 
not only a thennal process. Therefore, here the rate of reaction 
is not controlled by B — C but by A — ^B. Therefore, when light 
is given this primary reaction increases and as B — C is already 
in excess of the limiting value due to increased temperature, 
there is an increased respiratory rate. At 35°C. due to the 
primary reaction being thermal, to a certain extent, the reacting 
molecules are already in a greater excited state than they wore 
at 27 °C. But as there is a limit to the number of molecules 
which can be thus excited, the administration of light, although 
it does cause slightly greater excitation of molecules, cannot do 
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80 beyond a certain limiting value. Thus even if there is a 
higher reaction rate, the relative increase in the respiration rate 
is less at 35°C. than at 27®C. The same holds good for respiration 
at 40®C. with this additional reason that at this temperature the 
time factor also becomes operative. 

In Blackman’s scheme ^ the reserve carbohydrates break 
down to sugars and these then go into the activated forms with a 
higher energy content. This reaction causes activation which 
according to the scheme given above should correspond to the 
‘primary process’. In the ‘secondary reaction’ which is purely 
thermal, these activated forms break down, in glycolysis, to 
substances with half the number of carbon atoms. That enzymes 
and temperature play their rosjjective roles in these reactions is 
beyond question. 

The following scheme is suggested: — 

Hydrolysis, 

Carbohydrates >n (Glucose). 

Primary reaction, 

2 glucose + hv ^glucose' + glucose. 

Secondary recti on. 

Glucose' +En— >2C3He03 + q. 

2 glucose + q — >glucose' + glucose. 

Glucose' +En >-2C3H(j03 + q. 

And so on. 


N.B. — ^En =s Enzyme. 

q hv + the difference of the energy between 
CeHisOe and 


IlEPimoussiONs OF Light Respiration on Carbon 
Assimilation 

We will now finally close this discussion with a consideration 
of the repurcussions of these results on our knowledge of carbon 
assimilation by green plants. As we all know in the study of 
carbon assimilation we first note the apparent assimilation rate 
and then add to this, the CO2 of the respiration which gives us 
the real assimilation value. The CO2 of respiration is usually 
taken by noting the respiration rate, just before and after light 
and the mean of the two gives the respiration rate during the 
period of assimilation. If now the respiration rate definitely 
increases in light and also, as has just been pointed out, this 
increase varies with temperature, the previous work done on the 



198 Proc. 28ih I.8.C, : Part II : Presidential Addresses. (18) 

rate of real assimilation becomes of rather doubtful value. Some 
work has been done in this laboratory by the writer on the 
carbon assimilation of Eugenia javnbolana leaves at varying 
temi)eratures. These results are summarized in Fig. 12 in which 



the curves of real assimilation (marked B) and the derived real 
photosynthesis values (marked A) at different temperatures are 
shown. The curve B shows a steady rise with increasing tempera- 
ture up to 30°C. : beyond this temperature the rise, however, falls 
off and the curve tends to assume a horizontal course. On the 
other hand, the curve A follows an S-shaped course indicating a 
slow rise between 20°-25° and 30®-35°C. : between these two 
extremes the curve indicates a rapid acceleration. These results 
are consonant with the view that near about 20*^0. the secondary 
thermal reaction is limiting the respiratory rate and as the dark 
reaction in photosynthesis, being thermal, also remains limiting 
then the Qjq values for assimilation between 20®*-26°C. will be low. 
Between 25® and 30®C., however, the increase in the respiratory 
rate is at its maximum in light. This would seem to indicate 
that between those temperatures the relative increase in assimila- 
tion or the Qio for assimilation would be the highest also. This 
is actually found to be the case, for the assimilation curve 
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shows a steep rise between 25®-30°C. Beyond those tempera- 
tures the Qig for respiratory rate decreases and so also the Qio 
for assimilation. 


CONOLXTSION 

Ladies and gentlemen, we may, therefore, conclude that 
the green leaves and the beautiful flowers that one sees, not only 
colour for us all the world of vegetation and with their beauty fill 
our hearts with joy; but they also do something more. To quote 
Sir William Bragg they help the world to make the first step in 
the life process. The green pigment chlorophyll of the leaf, 
as we all know, is vital for building up of our food. But the 
orange yellow pigments, carotin and Xanthophyll which are 
found along with the chlorophyll of leaves and which give colour 
to many flowers, have also a certain definite role. Not only are 
they responsible for the fonnation of certain vitamins but they 
also serve the oxidative processes in the leaves and flowers by 
absorbing the blue-violet rays of the sun and transmitting the 
energy so absorbed to the reacting metabolites in these tissues. 

The beautiful reds, purples, blues and yellows of many 
flowers and the reds of tender young leaves are due to the 
anthooyanin j)igment8. These too like the hydrocarbon pigments 
absorb the radiant energy and transmit it to the relatively slow 
oxidizing metabolites to rapidly increase their oxidizing power, 
so vital to the actively dividing cells of a young leaf or to the 
developing young embryo of a flower. The respiration rates in 
these oases will then follow a course shown graphically in 
Fig. 13. 



Suppose the rate of the protoplasmic phase of respiration is 
x\ now when light is given the respiratory rate of a green or 
coloured tissue increases gradually to x+n\ then again when 
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darkness is restored there is a gradual fall till the curye assumes 
a constant level the value of which is again x. This part of the 
curve (as shown by c) is the exact replica of the graph obtained 
when the plant material is brought from light to the experimental 
conditions in dark; the gradu^ly falling part, which we might 
say the ‘after effect ’ of light, is comparable to the floating part 
of respiration in darkness and the level part to the protoplasmic 
phase. 

The interaction of light and darkness on the activation of 
molecules and enzymes is best explained by the following scheme 
(Fig. 14). 


INCREASED RESPIRATION 


Permanent 



Temporary 
''(Tixne Factor)' 


/ 

Altered St. ^ sugar 
equilibrium 


\ 

Destruction 
of enzyme 



The increase of respiration by light is due in fact, to a large 
extent, to the activation of more of the reacting molecules in 
light than in dark at a given temperature. Although a very 
high temperature activates the molecules to a higher quantum 
state, it also destroys and renders inactive the enzymatic complex 
which attacks the activated molecules. 
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Presidential Address 
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SOME ASPECTS OE MAMMALIAN PLACENTA 

I thank you very much for the honour you have conferred 
on me by electing me this year as the President of the Zoology 
Section of the Indian Science Congress. I am avYare of my 
limitations as a zoologist, for till very recently it was my privilege 
to ttiach Physiology to the students of the Medical College in 
Mysore. I confess I f(‘lt greatly embarrassed in choosing a 
topic to speak to you about. Since the last meeting of the 
Scienc(‘ Congress in Benares, Zoological Research in our country 
has assumed relatively vast proportions as is evidenced by the 
steady increase in the number of papers presented year after 
3^ear before this section, 

A perusal of the learned addresses of my predociessors has 
impressed upon me the variet}^ of subjects open for serious 
thought, but at the same time, no hard and fast rule appears 
to have been laid do^vn as to the choice of the subject. It has 
however been usual for the President to present in his address 
an account of some piece of his own research, or to summarize 
the progress of research in his subject. My first thought was 
to devote this opportunity to outline the significance of the 
study of that fascinating group of animals, viz., Lemuroidea, 
but on consideration I decided to review on this occasion some 
aspects of the Mammalian Placentation. There have appeared 
several illuminating monographs in whic^h the phylogeny and 
morphology of the Placenta have been admirably disimssed 
and to those interested in these aspects of the subject the 
lectures of Sir William Turner ^ and Robinson 2 and the mono- 
graphs of Duval 2, Strahl, Jenkinson^, Assheton^, Grosser®, 
l^rshall 7 , Hill ® and Wislocki ® would yield much infonna- 
tion. The subject that has intrigued me is its nutritional 
function. It is essential to know, and indeed it is considered a 
good principle, to understand the precise meaning of the terms. 
I shall therefore attempt a brief answer, without going too 
deeply into its history, to the question ‘ What is Placenta ? ’ 
Seventeenth century may be correctly described as a jieriod 
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in which scientific enquiry became organized. Harvey^® was 
the first to state that the placenta was an organ which elaborated 
from the maternal blood, the food required for the develop- 
ment and growth of the foetus. Mayow considered that the 
placenta performed the functions of a foetal lung. John and 
William Hunter put forward the view that the maternal blood 
circulated through the placenta — a view that materially assists 
in appreciating the functions of the placenta. Prom the time 
of Harvey to that of Jenkinson our conception of placenta has 
undergone some little change and Jenkinson in his monograph 
on Vertebrate Embryology states that the placenta is that organ 
in which the blood vessels of the embryo are brought into 
intimate anatomical and physiological relation with the spaces — 
which may be blood vessels or lacunae of quite a difierent character 
— ^in which maternal blood is circulating. The teaching of 
Otto Grosser, with whom most students of Mammalian Embryo- 
logy agree, is that placentation may be defined as the intimate 
junction of the mucosa of the uterus with the chorion for purposes 
of exchange of material between the mother and the offspring. 
Professor Hill has impressed on his students that the actual 
placenta is a composite structure being partly foetal and partly 
maternal. The two parts may be in simple apposition or 
intimately blended but in no case is there an admixture of foetal 
and maternal blood streams. The main functions of this struc- 
tural relationship are undoubtedly those involving the supply 
of nutritive material and elimination of waste products. More 
recently Mossman has stated that ‘the normal mammalian 
placenta is an apposition or fusion of the foetal membranes to 
the uterine mucosa for physiological exchange’. Mossman’s 
definition of the term is at once brief and apt. 

I shall now proceed to consider very briefly the morphology 
of the placenta. There are, as is well known, two types of 
placenta — ^the yolk-sac placentae and the allantoic placentae. 
The former, except in the native bear and the wombat, is usually 
of transitory functional significance. In the Eutherian mammals 
it is the allantoic placenta that is significant. Before the 
advent of high jKJwer microscopes and the microtome, the only 
method of classification was the one that could be done by naked 
eye examination. Accordingly, the placenta was said to be 
diffuse, multiplex, zonary, cotyledonary or discoidal according 
to its external appearance. This primitive classification, it is 
apparent, does not assist us clearly to understand either the 
structure or the significance of the different types. A slightly 
improved method of classifying the organ, based on the presump- 
tion that in certain forms there was loss of maternal tissue during 
parturition, was, as noted in the following table advanced by 
Weber, Huxley, and Strahl. 
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Weber. 

Huxley. 

Strahl. 

(a) Caducous. 

(a) Decuduate. 

(a) Placenta Vera. 

(Maternal and 
foetal parts 



shed at birth.) 



{b) Non-caducous. 

(b) Non-deciduate. 

1 (5) Semi placenta. 

1 


(It must be remembered that in some instances as in 

Huxley’s contra-deciduate types part of the placenta is 

retained in the uterus and finally autolyzed.) 

Robinson’s classification of the placenta into Conjoined and 
ApposeA types, advocated in his Hunterian Lecture, made 
no great advance over the previous ones. Assheton^^ made 
use of the ae^tivity of trophoblast and classified the placenta 
into two typos, viz., Pl/icerda Cumulate and Placenta plicate. 
Even this division, much as it tended to explain some features 
in placental organization, must be held to be incomplete. The 
credit of establishing a system of classification, which has general 
approval and whic;h (5onstitutes a distinct advance over the binary 
systems, must be assigned to Otto Grosser Otto Grosser 
bases his classification on the (ixact relations of the maternal 
and foetal tissues, H(' recognized four types, charact()ristic 
features of which may now be summarized. 

A, Placenta epHhelio-chorialis type as exemplified by 

the placenta of the pig in which all maternal 
tissues are x^reserved, the foetal trophoblast being 
apposed to the uterine (ipitholium. 

B. Placenta syndesmo-chorialis. In this tyx>e the 

uterine ei)ith(dium disapi)ears to a large extent; 
and the trophoblastic epithelium is brought into 
(contact with the maternal connective tissue as 
in the sheep. 

C. Placenta evdotheliO’Chorialis constitutes the third tj^e 

in which, with the disappearance of the uterine 
epithelium and connective tissue, the foetal tropho- 
blast comes into contact with the maternal capil- 
laries as the carnivores. 

D, Placenta haemo-chorialis typo in wliich uterine 

epithelium, connective tissue and maternal capillary 
endothelium disappear with the result the maternal 
blood circulates in the lacunae formed by the 
trophoblast and bathes the trophoblast as in 
Rodentia, Insectivora, Cheiroptera, Anthropoid 
Apes and Man. 





206 Proc, 28th I.S.C. : Part II : Presidential Addresses. (4) 


(Further subdivision of these main types exist, 
but it is unnecessary to go into details for 
purposes of this discussion.) 

The histological study of the placenta of various groups 
has placed at our disposal a mass of facts which has enabled us 
to understand to some extent the functional significance of the 
relationship of the foetal and maternal tissues. The main 
object of the development of the Placenta is to ensure satis- 
factory performance of those physiologi(5al functions — ^supply 
of food, oxygen and elimination of carbon dioxide and other 
waste products, necessary for the growth of the embryo. In 
considering this aspect of the question, it is necessary to bear 
in mind, the now universally accepted fact that the foetal blood 
is always separated from the maternal blood stream. The 
nature of this separation differs widely in the difi*erent types of 
placenta. Thus in the epithelio-chorialis type the substances 
from the maternal blood have to pass thi-ough six different 
structures before they could get into the foetal blood. First 
the endothelium of the maternal capillary, the (;onne(;tivo tissue 
around it, the uterine epithelium, the trophoblastic^ epithelium, 
the connective tissue of the allanto-ehorion and the endothelium 
of the foetal capillary. In the Syndesmo-chorialis type, for the 
most part, the uterine epithelium is laching and the materials 
have to pass through the existing five layers of (‘clls. In the 
endothelial type, the trophoblast, as stated already, (‘omes into 
intimate contact with the uterine capillaries and the barrier 
for the passage of substances is reduced to four layers, till at 
last in the haomo-chorial type with the disapj^earance of th(^ 
walls of tlu^ maternal capillaries, the maternal blood bathes 
the trophoblast and the barrier is re(luci‘d to thn^e layers of 
cells. In effe(;t the thickness of the placental nu‘mbrane varies 
in different animals. 

It is obvious from the foregoing, that the exchange of 
material betwt^en the mother and foetus is c^onditioned by a 
variety of factors peculiar to each type of placenta. In its 
passage through the Fallopian tube, the fertilized ovum depends 
on the secretion of the surrounding tissues for its nourishment ; 
and when it reac^hes the uterus, till it attaches itself to the uterine 
wall, and for some little time even afttu* that, the growing 
embryo derives its nutrition from the secretion of the uterus. 
But with the establishment of the placenta, the nutrition of the 
embryo is effected by the direct absorption of the products of 
uterine nuicous membrane directly by the trophoblast; and with 
the vasc ularization of the allanto-ehorion, the foetal nutrition 
is by the transference of material from the maternal to the 
foetal blood. The normal requirements of the foetus comprise 
the proteins, carbohydrates, fat, water, salts and vitamins. It 
is a well-known fact that the digestive products entering the 
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blood stream of the mother are circulating in the blood. The 
fats particularly are on a different footing, since during absorp- 
tion they are resynthesized and reach the blood through the 
medium of lymphatic vessels in an extremely fine state of division. 
Hence the mode of passage of proteins, carbohydrates and fats 
across the placental barrier differs. The proteins are transferred 
as amino -acids to the foetal blood; and indeed a largo number of 
investigators have succeeded in noting the presence of amino- 
acids in the foetal blood. It may, however, be stated that our 
knowledge concerning the exacjt nature of amino-acids passing 
from the maternal to the foetal blood is, as yet, in an unsatis- 
factory state and research on maternal and foetal bloods of 
animals with different types of pla(;enta would, I have no doubt, 
yield valuable information. 

Concerning the supply of carbohydrates, it should be 
observed that the glyc^ogen store of the mother is the chief 
source although the possibility t)f the conversion of other food 
material after absorption by the foetus must be borne in mind. 
The rate of absorption and utilization of carbohydrates by the 
mammalian embryo is known to some extent, but extended 
investigations on Primates other than Man would perhaps 3dold 
information of much value. I make this suggestion in view of 
the abundance ol‘ monkeys in India and the relative ease with 
which they ma}'' be obtained. 

Information as regards the transport of fat from the maternal 
to fo(dal blood strcaiii is lar from satisfactory. In recent times 
our id(^as as regards the mode of transport of fat have (^hanged 
to some extent. The explanation that the leucocytes of the 
maternal placental part, loaded with fat, migrate into the foetal 
part to suppl}’ the iK’cessar}" fat has been reinforced. It is 
now held, as a result of tlu^ investigations of Sinclair, 
McConnel and Sinclair on the placenta of the rat, of Bickenbach 
and Rupp on that of the rabbit, and that of Boyd 
and Wilson the human placenta, that the fats may either 

pass directly across the placental barrier to the foetal blood, 
thence to the foetus by wa^-^ of the umbilical veins, or that the 
maternal placenta ma^’ act as a secreting organ, taking up tho 
fat from the maternal blood stream, and passing it on to 
the foetal blood with or without modification. Although one or 
the other of the views just now mentioned may represent actual 
state of affairs, it should be borne in mind that the enzymatic 
activity of the trophoblastic cells may also play an important 
part in tho transfer of this material. Further, it has been 
observed that the fat content of the placenta decreases with age 
and an answer to tho question whether the placenta acts as 
judicious regulator of fat supply to tho growing embryo would 
assist in evaluating the function of the placenta. Here again 
is a problem which promises fruitful results. 
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Our knowledge of the nature of placental enzymes is meagre, 
and a well-planned study of the subject appears to me to be 
urgent and important. In view of the conflicting opinions that 
have been expressed as regards enzymes in the placenta, it is 
advisable to select for study, as Needham suggests, a placenta 
type which is readily separable into maternal and foetal parts, 
and to follow carefully the activity of any single enzyme through- 
out pregnancy. 

The supply of vitamins to the growing embryo constitutes 
a very important factor in its normal development and attention 
may be drawn to lack of reliable information about the role of 
vitamins other than that of 

Except for the noteworthy contributions of Fenger on the 
placenta of the cow, not much is known about the mineral 
metabolism in the mammalian placenta. 

I now proceed to consider the placenta as an organ of foetal 
respiration. The supply of oxygen to the fertilized ovum and 
elimination of carbon-dioxide may be said to be effected, till 
implantation, by the blood circulating in the Fallopian tube and 
uterus. It is only after vascularization of the allanto-chorion 
that the placenta begins to function as an organ of foetal res- 
piration. It has been observed that the passages of two gases 
in oi)posite directions is determined by a variety of circumstances 
depending upon the nature of the placental structure. In any 
case, in normal development, respiration like nutrition is un- 
doubtedly efficient in the species concerned. The problem 
whether the nature of blood, more particularly the nature of its 
haemoglobin, has any influence on respiratory activity needs 
consideration. It is universally known that haemoglobin has the 
power of carrying oxygen, as also carbon-dioxide in an easily dis- 
sociable state. Although in the nonnal gravid animal foetal 
respiration is efficiently carried out, both the quantity of oxygen 
needed and the rate of exchange of gases differ in different 
groups of animals. The recent researches of Barcroft and his 
collaborators have demonstrated that the foetal haemoglobin 
differs from that of the mother in the few animals that have 
been studied. Before any answer can be suggested to the 
question whether the structure of the placenta is in any way 
affected by the nature of the foetal haemoglobin, much more 
exhaustive enquiry with reference to a wide range of mammals 
is needed. It is, however, interesting to observe, in this connec- 
tion, that the studies of Boor and Hektoen indicate that the 
carbon monoxide haemoglobin from different mammals is species 
specific. Further, it has been observed that there are noticeable 
differences in the property of the blood of different animals 
and such differences may be due to specific differences — ^both 
qualitative and quantitative in their haemoglobins. Thus it 
may be assumed that respiratory functions of the placenta are 
varied in different species of mammals. It may perhaps not 
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be illogical to assume that the metabolic needs of the developing 
embryo in different species of mammals vary and the oxygen 
requirements accordingly differ. Hence it is reasonable to state 
that the placental barrier, in each species, for the passage of 
oxygen and carbon-dioxide develops so as to meet the demands 
of the growing embryo. It has been noted above that in Grosser’s 
classification of the placenta, the thickness of the placental 
membrane and the cellular constituents thereof differ. The 
membrane permits the passage of both the nutritive materials 
and respiratory gases. This phenomenon can only be attributed 
to the few special qualities of the living membrane, conditioned 
by the chemico-physical characteristics of both the maternal 
and foetal blood streams. The problem that waits satisfactory 
solution appears to me to be the physico-chemical properties 
of the placental barrier in different groups of animals with 
reference to the rate and intensity of exchange of materials. 

Many zoologists (Hill, Grosser, etc.) whose inclination has 
been to study the structure of the placenta have maintained 
that the epithelio-chorialis type is primitive and that the haemo- 
chorialis t3q>e is very highly specialized. There are others 
(Wislocki, Mossman and others) who have strongly supported 
the view that the haemo-chorial type is the primitive organ and 
that all other tyi)es are secondarily derived. Convincing argu- 
ments may be adduced in favour of either view, but an unbiassed 
analysis of available data tends to support the former view. 
It is, however, not my object to discuss the phylogeny of the 
placenta but consider it only as an organ of foetal nutrition. 
It may not be unreasonable to assume that the urgency of the 
metabolic needs of the growing embryo determines the structure 
of the organ of foetal nutrition. The adequacy of foetal nutrition 
may be said to determine the normal development of the foetus. 
The metabolism of the pregnant mother who has to supply the 
energy needs of the additional living protoplasmic tissue as 
represented by the growing embryo, becomes affected. It 
is no doubt true that a vast amount of information regarding 
nutritional requirements of the pregnant mother is available; 
yet it can by no means be stated to be complete. This subject 
opens up a fruitful field for future research. I hope I shall 
not be considered a trespasser if I were to entertain the hope 
that in the newly established ante-natal clinics in Indian Mater- 
nity Hospitals, the subject of nutrition of the pregnant mother 
will form the subject of serious research. 

The studies of Physiologists, Biochemists and specialist 
medical men have tended to prove that efficient nutrition 
exercises an enormous influence on the general welfare of the 
animal and indirectly on the quality of the germ cells which 
are formed afresh throughout the greater part of life. Thus 
it may be inferred that the characteristics of the progeny would 
perhaps in the long run be improved. It has now become the 

M 
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concern of Progressive Governments to enquire into the nutri- 
tional needs of live-stock and man. With this end in view 
Nutritional Research Laboratories have been established. Work 
of national importance has been turned out in these laboratories 
and it may be hoped that attention would also be directed to a 
study of foetal nutrition. 

Even a rapid glance through the Records of the Indian 
Museum, Journal of the Bombay Natural History, Journal of the 
Royal Asiatic Society of Bengal, and the publications of learned 
bodies such as the National Institute of Sciences, National 
Academy of Sciences and the Indian Academy of Science, and the 
journals published by some of the Indian Universities convinces 
one that a vast amount of original work in Zoology has been done 
in India but equally impressive is the fact that the work is 
mostly morphological in its widest sense. Morphological studies, 
however essential and useful, it seems to me, must be made more 
dynamic. Zoologists have already rendered great service by 
their study of the microscopic anatomy of the placenta and by 
their interpretation about the functions of the structural units. 
Thanks largely to the recent researches of physiologists and bio- 
chemists, much useful information regarding foetal nutrition is 
available. There are, as the literature on the subject reveals, 
many aspects of the problem, and some of which I have already 
referred to, about which our knowledge is incomplete and our 
ignorance immense. Here in India as in the other more advanced 
western countries, adoption by zoologists of experimental 
methods in their investigation, I feel confident, would result in 
mUre valuable contributions. 

In conclusion, I venture to plead for a co-operative effort by 
the zoologists, physiologists, specialist medical men and bio- 
chemists in a well-planned study of foetal nutrition. 
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The Importance of (hiecking the Initial Outbreaks 
Sunspot Cycles and Locust Periodicity ^ 

The Need of further Research on Locusts in India 

Introductory 

My foremost duty is to express to all of you my deep 
appreciation of the great honour you have done me in electing 
me to preside over the sessions of the Entomology Section. I 
regret, however, to say that I feel conscious that 1 have not been 
able, on account of various imfortunate circumstances, to do full 
justice to my duties in this respect. 

Havmg been engaged during the last ten years of my life 
in Avork connected with locust investigations, it should not be 
altogether surprismg to you to find that I have sucemnbed to 
the temptation of speaking Jto you today on the subject of locusts 
in India, the more so because locust swarms have reappeared 
this autumn after an absence of over eight years, and I trust that 
you would kindly bear with me if you find it rather uninteresting. 

Locusts have been of perennial interest to man from time 
immemorial, especially in tropical and sub-tropical climates. 
To the primitive man, the sudden appearance of hordes of these 
creatures in huge clouds hiding the face of the earth from the 
sun and filling the air with a mysterious rustle, should have often 
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proved a source of fright. One might imagine him looking 
helplessly on their descent on the vegetation roundabout and 
their destruction perhaps of his small patch of grain, though 
he might be expected to indemnify himself by collecting handfuls 
of them for his own consumption. 

In Biblical times (circa 1500 B.O.), they are reputed to have 
functioned as one of the plagues of Egypt, and since there are 
references in Sanskrit literature of the early centuries of the 
Christian era to locusts as one of the great menaces of the 
cultivator, there is little to doubt that locust invasions had 
formed as much a feature of life in the olden days as they do 
at the present time. 

In Europe, information regarding the occurrence of past 
locust infestations collected from various records and chronicles 
dates back to the 15th century, but in India, where historical 
records are generally lacking, there are no reliable data regarding 
locusts except for casual references to their depredations in 
conjunction with famines, till the beginning of the nineteenth 
century. Cotes (1891) in his admirable report of the locust 
invasion of 1889-1890 in northern India has collected together 
most of the available information from the beginning of the 
19th tjentury, and from data drawn from these and other sources, 
outbreaks of the desert locust would appear to have occurred in 
India in the years 1803, 1810^12, 1821, 1834, 1845 and 1860^6. 
It was, however, from the year 1869 that fairly detailed informa- 
tion regarding infestations is available, and locust swarms are 
known to have prevailed in the following periods: — 1869-1872, 
1876-1881, 1889-1898, 1901-1907, 1912-1919 and 1926-1931. 

The depredation caused by locusts during the last cycle of 
infestation is possibly still green in the memory of the agricul- 
turists of North India, and it was at its worst during the years 
1929 and 1930, when the swarms spread almost all over the 
country. The situation created by the extensive damage done 
by hopper bands and flier swarms in the summer-autumn months 
of 1929 was so acute that resolutions were passed at meetings 
held in December 1929 of the Advisory Board of the Imperial 
Council of Agricultural Research and the Board of Agriculture 
in India recommending to the Grovemment of India that instant 
steps might be taken, inter aliay towards the formation of a central 
locust bureau for collecting and disseminating intelligence on 
locust movements and the institution of a comprehensive scheme 
of locust research for the investigation of the best methods of 
control, for working out the bionomics of the locust and for 
surveying the desert areas in search of the permanent breeding 
grounds of the locust within Indian limits. Ultimately, funds 
were sanctioned by the General Body of the Imperial Council of 
Agricultural Research for these purposes, and an elaborate 
scheme of locust research was set on foot in December 1930 
which continued to operate till 31st March 1939. 
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The last cycle of locust infestation affected not only India 
and the neighbouring countries of Baluchistan, Iran, Afghanistan 
and east ’Arabia, but also all |)art8 of northern and central 
Africa and south-western Asia and led to various schemes of 
investigation being undertaken by their respective Administra- 
tions, particularly by the British and French Governments. 
The African area was attacked not only by the Desert Locust, 
but by two other locusts also, viz. the Tropical Migratory 
Loctist (Locusta migratoria migraioriodes R. & P.) and the Red 
Locust {Nomadacris aeptenifasciaia Serv.), besides whicli South 
Africa was also affected by the Bro^vn Locust (Locustana par da- 
Una Wlk.), which is fortunately peculiar to it. 

The locust investigations carried oTit in the African areas 
have led to fairly remarkable results. In the case of the Tropical 
Migratory Locust, which spread over the greater part of the 
African Continent, covering altogether a huge expanse of over 
10 million square miles, within a period of ten years, it was 
determined that the outbreak had originated in 1926-27 from a 
comparatively small area in the region of tlu^ Niger Bend in 
French Sudan, and, doubtless, the whole infestation might have 
been nipped in the bud, if the original outbreak centre had 
been controlled in time. Even in the case of the Red Locust, 
which has been active in Central and South Africa during the 
last ten year’s, the outbreak centres have been found to be con- 
fined to certain restric^ted areas”, which it should be possible to 
ket^p under surveillance in order to prevent future outbreaks. 

So far as the Desert Locust is concerned, the outbreak 
centres have been found to be situated partly along the coastal 
areas of Africa, Arabia and Baluchistan and partly in the interior, 
as in Rajputana and Sudan. Further investigations are 
apparently nec('ssary to definitely delimit the extent of the 
outbreak areas, especially in we8U>rn Africa and Arabia, before 
they can be projjerly supervised. 

As flying swarms are often capa ble of covering long distances 
and as evidently they do not respect international boundaries, 
it was found essential to arrange for a system of rapid exchange 
of reliable information in regard to the movements of swarms, 
between adjacent countries. It was also felt that an exchange 
of notes between affected countries on their experience in regard 
to various aspects of locust research and locust control, would be 
of mutual advantage. With this end in view, the first Inter- 
national Locust C^mference was held at Rome under the auspices 
of the Italian Govormnent in October 1931, in which various 
countries including Italy, Great Britain, IVance and Egypt 
participated. The second International Ix)cu8t Conference was 
held at Paris in July 1932, the third, in which I had the honour 
to participate as a delegate from India, at London in September 
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1934, the fourth, in which Khan Bahadur M. Afzal Husain 
represented India, in April 1936, and the fifth at Brussels in 
August 1938. In the last two conferences over twenty 
governments were represented including the United States, 
Canada, Argentina and other countries of the New World. 

In the course of the deliberations of these conferences, 
various aspects of locust research were thoroughly discussed. 
Results presented by workers in different countries were examined 
and a concerted scheme of locust research was formulated, which 
was incorporated in a series of resolutions. The latter were 
circulated to the governments concerned for favour of acceptance 
and for taking such action as might be considered possible. 
Besides providing opportunities for formal discussions, these 
conferences made it possible for workers to get into informal 
touch with one another and exchange mutual experiences. 

Among some of the imx)ortant results of the last conference 
at Brussels were resolutions recommending the setting up of 
international organizations for the preventive control of locust 
outbreak centres in Africa and western Asia in respect of the 
important locusts of the Old World. So far as India is concerned, 
the creation of the Locust Warning Organization by the 
Government of India might bo expected to serve the piur])ose of 
watching developments in the outbreak areas, but it is doubtful 
if it would serve any useful purpose unless it is also equipped for 
dealing with outbreaks as they arise. Moreover, it is not known 
if the authorities in Tran have consented to co-operate with the 
Indian organization in dealing with outbreak centres in the 
Iran area. Since swarms have recently reapi)eared in India 
and we are probably on the threshold of a new locust cycle, the 
matter is in need of further attention. 

On the whole, a great deal of new ground has been broken 
during the last decade. The studies carried out on various 
species of locusts in the countries affected have greatly enriched 
our knowledge of the habits and bionomics of locusts in general, 
as well as of the w ays in which they reacjt to their environment. 
A large volume of evidence has accumulated on the subject of 
phase transformation in nature, and much clarification has been 
obtained in regard to the manner in which initial outbreaks are 
brought into being, as a result of intensive ecological studies of the 
natural haunts of locusts. Detailed studies of the movements of 
swarms since 1926 by the International Locust Centre at London 
have shown clearly how infestations have been developing from 
year to year in the affected areas, and have also elucidated the 
general laws by which swarm movements are governed. A 
great deal of progress has also been achieved in the correlation 
of swarm movements with meteorological data. Much Ught 
has been thrown on the life-habits and activities of the solitary 
phase of various locusts, and the recognition of the ability of 
the solitaries to make long distance migrations, similar to those 
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of swarms, be said to maik a milestone in the progress of 
locust research. 


Some of the Important Locusts of the World 

In the broadest sense of the w^ord, a ‘locust’ is a grasshopper 
that is capable of appearing in largo swarms and causing damage 
to crops. While there is little difference in general apj>earance 
and structure, the grasshopper lives a solitary life scattered in 
small numbers all over the area, w^hereas the locust tends to con- 
gregate together both in the younger stages as hopper bands and 
in the adult condition as flying sw'arms. 

There are several species of locusts in the world, w^hich are 
not only restricted in their distribution being confined to 
particular countries and to particular types of habitats, but also 
vastly differ from one another in their habits. 

In the Old World, the most widely distributed speci(‘s is the 
Migratory ljoo\vst(LocustamigratorialA.)'w\iic\i is itself sub-divided 
into distinct races : — (1) the European Locust — Locusta niigratoria 
var. rossica, Uv. et Zol., adapted to a cold environment and found 
mostly in Europe and Siberia, (2) the Tropical Migratory 
Locust — L, m. migratorioides R. & F., found in most parts of 
tropical Africa, (3) the Malagasy Locust — L, m. capito, confined 
to the island of Madagascar, (4) the ('hinese or Philippine 
Locust — Lm. manilensis, found in the Philippines and eastern 
Asia, and probably (5) the Indian Migratory Locust — ^usually 
found only in the solitary phase, w hich may possibly prove to be 
a different race. 

Perhaps the best known is the locust of the Bible, the 
Desert Locust — Schistocerca gregaria Forsk., found in the desert 
or semi-desert regions of north Africa, south-west Asia and 
India. Other important locusts are : (1) the Red Locust of 
Central Africa — No'madacris septemfasciata Serv., (2) the Brown 
Locust of South Africa — Locustana pardalina Wlk., (3) the 
Bombay Locust — Patanga succincta L., found in the Indian 
Peninsula and Malaya, (4) the Moroccan Locust — Dociostaurus 
maroccanus Thnbg., found in the hilly areas of north Africa, 
southern Europe and western and central Asia, and (5) the Italian 
Locust — Calliptamus italicus L., common in Europe and western 
Asia. 

Besides these there are various species of grasshoppers in 
southern Russia and Siberia, which at times multiply and 
assume serious proportions. 

In Australia, Locusta migraloria occurs sometimes in pest 
condition, but the really serious species are two indigenous 
grasshoppers — Chortoicetes terminifera Wlk., and Austroicetes 
cruciata Sauss., which swarm regularly once in two or three 
years in particular parts of that continent. 
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In the New World, the most prominent species is the South 
American Locust — Schistocerca paranensis Bunn., whose dis- 
tribution ranges from the Argentine in the south to Mexico in 
the north. It is found, in varying numbers from year to year and 
is most destructive in Argentina. In North America, various 
species of Melanoplus have been found to appear in destructive 
numbers in the United States and Canada. 

These locusts differ from one another not only in their 
general habits but also in the manner of their adjustment to 
their environment, some of them being evidently more advanced 
in their evolution as locusts than others. 

Some species have only one generation in the year, as for 
example, the Bombay Locust, the Red Locust of Africa and the 
South American Locust, but they pass the greater part of the 
year in the adult stage, whereas other locusts — ^v^hich also have a 
single annual generation — ^lead only a comparatively short life 
as adults, but lay eggs which lie quiescent in the soil throughout 
the autumn and winter, e.g. the Russian Migratory Locust, the 
Moroccan and the Italian Locusts, and the Australian Austroicetes 
criiciata. 

The Desert Locust, on the other hand, is one that has 
normally two or more broods in the year, as also Chortoicetes 
terminifera of Australia and Locusta migratoria migratorioides 
of Africa. 

The Bombay Locust is a species in which gregarious habits 
are manifested only in the adult stage, the hoppers being found 
distributed as scattered individuals among grass or crops. They 
have never been observed to form into bands. On the other 
hand, in other locusts, gregarious habits are generally observable 
both in the hopper and adult stages. 

It is those species which possess the ability to pass through 
two or more generations in rapid succession during the same 
year that are most dangerous from the point of view of swarming. 
Given favourable conditions, such locusts are able to multiply 
very quickly in numbers, and when facilities for forming con- 
centrations are also present, they attain the stage of incipient 
swarming extremely rapidly. The Desert Locust, the Tropical 
Migratory Locust, the Brown Locust and Chortoicetes terminifera 
belong to this category and all of them are capable of reaching 
the stage of mass-multiplication very quickly. 

On the contrary, locusts having only a single generation in 
the year can increase numerically and maintain their numbers, 
only in the event of a succession of two or more good breeding 
seasons, and if a good watch is kept on their progressive develop- 
ment year by year, it should be possible to prognosticate the 
possibility of mass-multiplication early enough to enable the 
necessary precautionary measures being taken in time for their 
control. 
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Periodicity of Locust Outbreaks 

The destruction caused by locusts while an attack is in 
progress is, speaking generally, too well known to need any 
special description. Since, however, India has been, till quite 
recently, free from attack for nearly a decade, it is possibly 
difficult to appreciate its sc^riousness. 

In years of good rainfall, large areas of land are sown and 
by autumn the heart of the cultivator is glad at the sight of fine 
crops promising a bountiful harvest. All at once, however, 
dark clouds appear and millions of locusts settle on his fields, 
and in the space of a night, the look of the area is changed. 
Where there had been smiling crops and green pastures only bare 
stalks and a huge litter of dung are seen, and the locusts are 
gone in search of fresh fields for destruction. At other times, 
the swarms do not care to feed; but what is infinitely worse, 
they lay millions of eggs in the field before they disappear, which 
would mean that in about a fortnight myriads of hoppers would 
emerge and marching from field to field carry wholesale destruc- 
tion to the countryside. 

When a locust outbreak begins, it may continue for a series 
of 3 to 6 years on the average, at the end of which the numbers 
of locusts would graduJilly diminish until the outbreak ultimately 
dies out. In certain six^cies of locusts, however, the swarms 
never completely disappear, though there may be a perceptible 
diminution in numbers over an interval varying from 2 to 4 
years, after which a gradual or sometimes a sudden rise may 
occur. Such a fluctuation in numbers may be due to various 
causes, but is most commonly due to variations in weather 
conditions in successive years. 

In the case of a great many locusts, especially in regard to 
the African ones, little information is on record in regard to their 
occurrence in the past beyond the last 60 years. In Europe, on 
the other hand, data are available to indicate that the European 
Migratory Locust had been invading Central and Western Europe 
from the south or the south-east since the 15th century at fairly 
regular intervals. In Russia, where the fluctuations in the 
numbers of the locust have been closely studied, the general 
conclusion would appear to be that the main factor in the 
periodic increase in numbers is the occurrence of a succession of 
dry years. 

"Uichanco (1936) has collected a mass of data for the Eastern 
Migratory Locust in the Philippines dating from the 16th 
century, from which it is clear that the species has been occurring 
in destructive numbers at fairly regular intervals all over the 
Philippine region. But it is also seen that in the endemic areas 
situated in the southern parts, the swarms never disappear 
completely, and that the periods of mass-multiplication are 
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generally to be correlated with a succession of comparatively 
dry years. 

In South America, the swarms of the Locust {Schistocerca 
paranensis) never completely cease to exist in the Argentine, 
but are subject to much fluctuation in numbers, a series of years 
of high multiplication being generally found to alternate with 
periods of comparatively small numbers of swarms. 

Li India, three species of locusts are present: — (1) the 
Migratory Locust, (2) the Bombay Locust, and (3) the Desert 
Locust. Of these, the Migratory Locust is generally found in 
its solitary phase all over India. There are indications, however, 
that it can occasionally assume gregarious habits and become a 
destructive pest. Cotes (1891 — ^Indian Museum Notes) mentions 
about ‘the Madras Locust Invasion of 1878’ in a note on locusts, 
but is not definite about the species concerned. From an 
examination of the printed records in the files of the Development 
Department of the Madras Government, kindly lent to me for 
perusal, I have found clear proof that the locust concerned was 
the Migratory Locust. It would appear to have multiplied during 
the heavy rains of 1877 that followed the great South Indian 
drought of 1876, and to have spread from January 1878 onwards 
from the Tinnevelly District in the south gradually north and 
north-east as far as the Nellore District by the end of the year, 
after which it gradually died out. In 1937, again, a fairly heavy 
multiplication of this insect occurred in the Baluchistan, 
Rajputana, and Kathiawar areas of north-west India, but 
subsided by the end of the year. It is, therefore, necessary to 
keep this locust imder observation in view of its potentialities 
for rapid multiplication under favourable conditions. 

The Bombay Locust is endemic in the region of the Western 
Ghats and usually visits the neighbouring districts of the Bombay 
Presidency. In years of multiplication, its sw^arms invade 
Kathiawar, Central India, Central Provinces, Hyderabad, parts 
of Madras, and sometimes as far as the United Provinces, Bihar 
and Bengal. It is also known to be present in the Laccadive 
Islands. Buchanan (1807) has recorded the flight of a swarm in 
Mysore in the year 1800, and during the last century, swarms are 
known to have been present in 1836-1846, 1864-1866, 1878-1884, 
and 1901-1908. It is thus seen that it has been active only 
during comparatively short periods during the last century, but 
small swarms are known to have been seen also in certain years 
during the intervening periods. Since 1910 till the present 
time, however, no serious outbreak has occurred, and in the 
present imperfect state of our knowledge of its ecology and 
bionomics, it is difficult to account for its present quiescent 
condition. 

Tlie locust par excellence of India, whether judged by the 
frequency of its visitations or by the e:i^nt of its attacks, is the 
Desert Locust though it is the northern parts of India that are 
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mostly subject to its ravages. It is usually found in the desert 
regions of north-west India, but in years of mass-multiplication 
may invade many other parts of India, up to Assam in the east, 
and right up to the northern districts of Madras in the south. As 
this species has been the subject of special investigations in India 
since December 1930, much information has been gathered in 
regard to its prevalence in India in the past since the beginning 
of the last century, from which it is possible to make some 
observations on its periodicity. 

Pjcriodioity of the Desert Locust in India 

Data on the occurrence of locusts in India uj) to 1870 have 
been gathered from Cotes’ Report on the North-west Locust 
and from various provincial gazetteers and are decidedly scrappy, 
but from about the year 1870, when season and crop reports 
began to be published in various provinces, definite information 
as to the occurrence of swarms is obtainable. 

Period 1800 to 1860 


Cycle. 

Year of 
occurrence. 

Provinces afifccted. 

I Cycle 

1803 

Infestation in Cutoh. 

II Cycle 

1810-1813 

Swarms in Kathiawar, Raj- 
putana and Bengal. 

III Cycle 

1821 

Swarm breeding at Etawah 
in U.P. 


1826 

Locusts in Kathiawar. 

IV Cycle 

1833-34 

Swarms in Kathiawar, Cutch 
and Rewa Kant ha. 

V Cycle 

1843 

Breeding in Rawalpindi. 

1845 

Swarms in Panchmahals. 


No information about locusts in India between 1845 and 
1860, but locust swarms are known to have prevailed in 1855 
in Egypt. 

Prom the table on page 10 it is seen that there have been 
roughly about seven locust cycles, lasting 5 to 9 years each, 
from the year 1 860. When locusts appear, they are seen at the 
same time in many parts of India, either breeding or migrating, 
the extent of spread being considerably greater in years of high 







Years of infestation in India. Years of infestation outside India. 
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multiplication than in those in which only light breeding has 
occurred. On the other hand, during the intervals between 
locust cycles, few locusts are noticeable anywhere in India. 
The swarm-free intervals appear to have been usually short, 
but in three cases, namely, 1882-1888, 1920-1925 and the last 
one 1932-1939^, they have been fairly long. 

During the continuance of an outbreak, the activities of 
locusts are easily noted and reported, as they always move 
about in the fonn of large swarms. On the other hand, during 
the swarm-free periods, the presence of locusts cannot Ix) easily 
detected, as they exist then, if at all, only in the form of 
individuals. All x>ast records have reference, therefore, only to 
swarms noticed during years of locust incidence, and the informa- 
tion regarding swarm-free intervals is mostly an absolute blank. 

During the recent swarm-free period — 1932-1939 — investiga- 
tions were in progress imder the scheme of locust research 
financed by the Imperial Council of Agricultural Research, in 
the course of which particular attention was paid to a study of 
the habits, ecology and distribution of the non-gregarious locusts 
found in the desert areas in greater or smaller numbers. Close 
observations made during this period have shovm that, far from 
disappearing from the Indian area, the desert locust has been 
existing in the desert areas of Sind, Baluchistan and Rajputana, 
distributed among the scanty vegetation as scattered individuals 
mostly in the solitary phase. Continued watch on its movements 
and activities in all parts of its habitat has shown that it reacts 
to changes in the environment exactly in the same way as the 
gregaria phase locust. Its breeding is similarly dependent on 
favourable rainfall, and it migrates over long distances at the 
change of the seasons from one rainbolt to another, and goes 
through at least two generations in a year, one in winter-rain 
areas and the other in summer-rain areas. The main difference 
W'^ould apx)ear to lie in the crowded life lived by the gregaria 
locust and in the high intensification of its activities under the 
influence of mass psychology. In the present state of our know- 
ledge, the change in status of an apparently innocuous, obscure 
and sparsely distributed resident of the desert into a highly 
dreaded pest capable of appearing in vast hordes and dealing 
whole-sale destruction to crops, would appear to be due mostly 
to its reaction to a complex of meteorological factors favouring 
its breeding under crowded conditions. 

Another fact of great significance is the circumstance that, 
whenever the desert locust assumes pest conditions, its swarms 
appear not only in the Indian area, but generally also in other 
regions subject to its incidence. During the last cycle, its 
swarms were active not only in India, but also over Iran, Iraq, 
Arabia, Eg 3 rpt, Palestine, Algeria, Morocco, Sudan, and French 
West Africa. A more or less similar occurrence was observed 
during the earlier cycles: 1912—1919, 1900—1907, 1889—1898, 
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1876-1881 and 1869-1873. This possibly indicates the existence 
of certain common factors in this vast area, which conduce to the 
appearance of swarms almost simultaneously all over this area. 
In all possibility, this may be attributed to a general similarity 
of physical conditions met with over most of the region subject 
to its incidence, partly owing to the fact that it is part of a great 
semi-arid zone extending from the west coast of Africa to Central 
Asia, and partly because each of the three zones of locust habitat 
of this great area is composed in part of a belt coming under 
the influence of winter depressions and in part of another falling 
under the regime of the summer monsoons. 

The General Course op a Locust Cycle in India 

A fair amount of information is on record regarding the 
duration of the different outbreaks, the damage caused and the 
extent covered by the invasions since 1869, but it is only during 
the last cycle (1926-31), and especially during the years 1929 to 
1931, that fairly detailed data have been available for 
examination. As a result, it has been possible to make a fairly 
close study of the various factors that were operative (1) in 
bringing this outbreak into being, (2) in contributing to its 
progress during the different seasons from year to year, and (3) 
in bringing about its eventual breakdown. The results of this 
study have, moreover, served to give a clue to the correct inter- 
pretation of the incomplete data available for the earlier 
visitations. 

At the time of the last locust outbreak, there was no definite 
information available as to where the locust swarms came from, 
what direction they generally pursued, or what ultimately 
happened to them. The view commonly hold was that most of 
the swarms were derived from a western source beyond the 
limits of India and that they generally pursued an eastward 
direction in the Indian area, where they ultimately died down 
after a few seasons of breeding. 

A close study of the data of swarm movements gathered 
during the last visitation has served to give us a fair idea of 
the general activities of swarms in the course of a locust cycle. 
The general sequence of events during a year of locust swarm 
activity may be roughly classified under (1) over-wintering, (2) 
spring breeding, and (3) summer breeding. 

Over-wintering : During the winter months, swarms are 
usually inactive and the locusts generally pass the cold weather 
scattered among the vegetation. When, however, any warm 
spc^Ils occur during winter, the swarms may make short migration 
flights from place to place. 

Usually very few locust swarms remain in the desert areas 
of Rajputana, though in years of heavy or late breeding, some 
over-wintering may occur. The usual areas of over-wintering 
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are situated in southern Mekran and Lasbela, and in pai'ts of 
Sind and Kachhi, and sometimes in southern Punjab. 

Spring Breeding : With the reappearance of warm weather, 
swarms become active once again. If good rainl’all occurs in 
January, locusts attain sexual maturity early, and may begin 
to lay eggs in the areas of over- wintering in February. In any 
c«^e, swarms begin to migrate north up the hiU-valleys as the 
selLson warms up, and may lay eggs wherever conditions are 
favourable during March and April. 

In the Baluchistan area, swarms migrating north and 
north*east from the coastal plains of British and Iranian Mekran 
reach Kharan and Chagai in March-April, and, by May, they 
may enter Shorawak and Kandahar in Mghanistan and Sarawan 
and Quetta-Pishin in the uplands of Baluchistan. Ultimately, 
the swarms may reach the Kurram and Dera Ismail Khan areas 
of the N.W. Frontier Province by the end of May or early June. 
Similarly locusts, over- wintered in Kachhi and north Sind may 
work their way in spring up the hill-valleys of Mula, Bolan, Nari 
and Harnai, to reach the upland districts of Sarawan, Quetta- 
Pishin and Loralai districts by April-May. In the Punjab, 
swarms migrate in spring from district to district and may lay 
eggs wherever the situation is favourable. 

The adults of the spring brood are ready for flying from the 
southern areas of breeding by April, and from areas further 
north by May or June. As by May and June, the interior of 
Baluchistan and southern Iran becomes an area of severe summer 
drought, the adults of the new generation begin to leave the areas 
where they bre<l, and are gradually carried by the prevailing 
winds eas Wards into the Punjab, Sind and Rajputana, which 
they reach during June- July in successive waves of migration. 

The new generation produced in the breeding areas in the 
Punjab and western United Provinces also migrate in May-June, 
the prevailing west wind carrying them eastwards into Central 
India, Bihar and Bengal. 

Summer Breeding : By the middle or end of June, the 
monsoon current begins to enter north-west India, and the 
prevalent winds on the Indo-Gangetic plains become easterly, 
so that gradually all the swanns reaching eastern India are 
gradually found shifting westwards into western United 
Provinces, the Punjab and Rajputana by July. With the fall 
of good rains, the swarms begin to deposit their eggs in these 
areas. If good rainfall should occur in August and September, 
these swarms may lay a second and even a third batch of eggs. 
Moreover, the first adults of the monsoon brood usually are ready 
to fly by the middle of August, and these locusts are also generally 
able to lay eggs by September-October in the event of good 
rainfall, from which the adults of the second generation would 
emerge by the end of October or early in November. 
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The monsoon usually withdraws from the plains of north- 
west India by the middle of September, following which the 
desert areas of Eajputana, and to a less degree the surrounding 
areas of Sind and Punjab, temporarily develop into areas of 
drought combined with high day-temperatures. Apparently, 
these conditions are disliked by locust swarms, which show a 
tendency to leave the Eajputana areas at this time. In 
September and the early part of October, south-west wiAis 
still prevail in the desert and may carry the swarms north or 
north-east into the Punjab and United Provinces, whence the 
general trend is towards south-east. By the middle of October, 
north-east winds begin to prevail in Eajputana and may carry 
the swarms southwards into Kathiawar and Cutch or westwards 
into Sind, Baluchistan or south-western Punjab. 

It has been found that swarms flying eastwards into the 
United Provinces, Bihar, Bengal and Assam, and southwards 
into Kathiawar, Bombay, and Antral Provinces, in the autumn 
and winter months are not able to reach areas, where spring 
breeding is possible. Usually, most of those swarms die out 
ultimately. On the other hand, swarms migrating westwards 
into Sind and Punjab eventually move on into Baluchistan and 
Iran, where they begin to breed with the fall of winter rains. 

Causes of Breakdoums: From the above facts, it is evident 
that in the Indo-Iranian region of locust outbreaks, the possibility 
of infestation being carri^ to the following year is dependent 
mostly on the extent to which swarms produced in the eastern 
areas in summer are able to reach the winter-rain zone. In 
1928 and 1930, for instance, the westward migration of swarms 
in autumn was negligible, and very little of over-wintering was 
noted in the areas of southern Mekran and Iran in the winter 
of 1928-29 and 1930-31. The observations made by 
Predtechensky (1935) in the Persian area indicate that the 
comparatively small number of swarms that reached the Indian 
and the Persian areas in the spring of 1929 and 1931 wore largely 
derived from extra-Indian sources — mostly from the direction of 
Oman in east Arabia. If this contingent had not arrived it is 
possible that a breakdown might have occurred in 1929 and 
1931. 

Another very important cause of the breakdown of the 
infestation is a failure of, or at least a serious defect in, the 
seasonal rainfall, sometimes in areas of winter precipitation and 
sometimes in those of summer rainfall, leading to a considerable 
decrease in the numbers of locusts. When a failure of breeding 
occurs both in winter and in summer, the locust cycle would 
naturally come to a sudden close. 

On the other hand, favourable rainfall would result in a 
conspicuous increase in the numbers of locusts. In the monsoon 
areas, fairly well-distributed rainfall during the months of July, 
August and September, will lead to prolonged breeding, including 
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the production of a fairly large second generation, so as to bring 
about a high multiplication of locusts and a widespread dispersal 
of swarms in the different parts of India. A similar breeding 
followed by high multiplication would also result if there should 
be well-distributed rainfall in the winter -rain areas. 

History of the cycle of 1926-1931: Tracing the course of the 
last locust cycle, we find locust swarms suddenly appearing in 
1926 after an absence of six years. The origin of this cycle 
will be considered at a later stage, but the chief factors in the 
production of the new cycle would appear to be high winter 
rainfall in Mekran followed by prolonged and heavy summer 
rainfall in the desert areas, leading to protracted breeding 
especially in the southern areas of the desert. 

1927: In the winter of 1926-27, west-bound migration of 
swarms was grciatly in evidence, and there was much over- winter- 
ing. Spring breeding was heavy in the Punjab and Baluchistan 
in 1937. Summer breeding occurred in the Punjab and in 
Rajputana, but was, on the whole, moderate. Westward 
migration in autumn led to heav^" over-wintering in the Mekran 
areas. 

1928: Following good rainfall, there was extensive spring 
breeding in Baluchistan. Heavy summer migration occurred, 
but the monsoon rainfall was not well distributed, summer 
breeding occurred only in parts of Rajputana and the Punjab, 
and was on the whole light. Little of west-bound migration was 
noticed in the autumn. 

1929: In the winter of 1928-29, there w'as no over-wintering 
of sw'anns in Mekran or Kachhi. Some sw^arms derived from 
over-wmtered concentrations in the southern coast of Iran and 
in Oman reached Mekran, Kharan and Ohagai at the end of 
March and in April, but did not lay eggs in these areas as there 
was no rainfall. They passed on to Sara wan and Quetta -Pishin 
in May and laid eggs in large concentrations as good I'ainfall had 
occurred here in (jonsequence of w^hich very acute infestation 
resulted here in May-June. Other swarms passed on to Dera 
Jsmail Khan and the Punjab areas in May, but there was little 
oviposition on account of defective rainl’all. The new generation 
produced in the irplands of Baluchistan and Iran reached the 
Punjab, Sind, Rajputana and the United Provinces in July and 
August, and the heavy rainfall then received induced intensive 
multiplication in these areas. 

In the autumn months, swarms migrated south-east into 
Central Provinces, south into Kathiawar and Gujarat, and west 
into Baluchistan. The westward movement was specially 
pronounced, and enormous swarms passed over Lasbela and 
Baluchistan in the direction of Iran, and masses of locusts are 
known to have been drowned in the sea along the Mekran coast. 

1930: In the winter of 1929-30, heavy over-wintering 
occurred in Sind, Punjab, Kachhi and many parts of Baluchistan, 

15 
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Good rainfall was received in Jannary-February in Baluchistan 
and Punjab. Extensive breeding occurred in the Kech and 
Panjgur areas in February-March, and in other parts of 
Baluchistan in April-May. Heavy spring breeding also occurred 
in the Punjab and United Provinces. 

The resulting swarms migrated from Baluchistan in April- 
May eastwards into Sind, Punjab and Rajputana, whereas the 
Punjab swarms entered Central India and Bihar. With the 
appearance of the monsoon rains, breeding was set on foot in 
the Punjab, United Provinces and Rajputana, but as there was 
little rain in August and September, breeding terminated early 
and most of the swarms migrated eastwards into Bihar, Bengal 
and Assam, and southwards into Gujarat, Bombay and Central 
Provinces, reaching as far south as Warangal in Hyderabad State. 
There was very little of west-bound flight in autumn. 

1931: Over-wintering swarms were not found anywhere. 
No locusts were noticeable in the Indian area, until small swarms 
of Oman origin (according to Predtechonsky — 1935) began to 
appear in Chagai in April from the diiection of Iran. These 
swarms bred to a slight extent in Chagai, Sarawan and Quetta- 
Pishin, and penetrated as far as Kurram in June. The spring 
generation from Baluchistan migrated into Sind, Punjab and 
Rajputana in June-July. Monsoon rainfall was, however, not 
well distributed, and there was comparatively little breeding 
except in central and southern Rajputana where heavy falls 
were received in August. Summer-bred swarms were, on the 
whole, few compared with previous years, and in autumn most 
of them became dispersed, some towards the east, others towards 
the south and the rest towards the west flying into Sind and 
Baluchistan. 

In 1932, the winter rains proved a failure in Baluchistan, so 
that there was no spring breeding, and the summer migration 
was limited to a few small groups of pinkish individuals, which 
were noticed on the Mekran and Lasbela coasts and in Sind in 
June. No swarms appeared and the cycle of 1926-1931 came 
to a definite close. 

We thus see that the continuation of the outbreak in the 
Indo-Iranian region from year to year during the period 1926- 
1931 was not a simple case of a succession of seasonal broods, 
but a complex matter in which several independent factors were 
concerned. The development of the infestation is dependent on 
a chain of events which are severally affected by the character of 
the winter and summer rainfall, the conditions of humidity and 
temperature and the timely prevalence of seasonal winds 
necessary for carrying the swarms from one rain-belt to another. 
If one link or other in this chain of events is broken, a partial 
or even a complete breakdown may result. In fact, in the 
spring of 1931, there were no over-wintering swarms either in 
British or in Iranian Mekran, and a complete breakdown might 

I5B 



(17) 


Section F///, Entomology. 


227 


have occurred if swarms from the Oman area had not come into 
Baluchistan in April. Ultimately, the cycle came to a close as 
the result of poor breeding in the monsoon areas in the summer 
of 1931 followed by a failure of winter rains in the Mekran area» 

Origin of Locust Cycles in India 

Although tolerably full information is on record as to the 
progress and development of the recent locust cycle year by year, 
there is no clear evidence to indicate how the cycle originated 
for the simple reason that interest was taken in the locust outbreak 
only after swarm flights had commenced in the autumn of 1926. 
It might have been possible to gather full information only if 
the desert breeding grounds of the locust had l>een kept under 
observation during the swarm-free period of 1920-1925. On 
the other hand, the interval that followed the last cycle was 
under continued observation by the staff of the locust research 
scheme of the Imperial Council of Agricultural Research and the 
results of the studies carried out by them have been found to be 
of much help in the interpretation of the scanty data collected 
for 1926. They have shown that in the intervals between 
locust outbreaks the desert locust reverts to its solitary phase 
and is found existing in the desert bn^eding grounds in small 
numbers in a non-gregaiious condition. Except for the circum- 
stance that it does not live a crowded life, the solitary locust has 
been found to react to changes in its environment in much the 
same way as the gregaria phase locust. It breeds similarly after 
rainfall and migrates with the change of the seasons, but with the 
difference that its activities are not so intense. 

In a study of the ecology of the solitary phase, the main 
problem is to determine the conditions in which gi'oups of solitary 
individuals become transformed into gregarious swarms capable 
of dealing destruction to cultivation. In the course of the 
period, 1932 to 1939, several instances of such a transformation of 
phase were detected in the Mekran area, mainly caused by locust 
individuals migrating from tlie coastal areas in spring and early 
summer and concentrating in suitable patches of cultivation in 
the interior valleys for purposes of feeding and egg-laying. 
Since eggs are generally laid under crowded conditions, the 
hoppers hatching therefrom tend to get crowded and form 
incipient hopper bands, which subsequently develop into the 
primary swarms of fliers. Such situations as these, whore phase 
transformation is brought aboxit, are termed ‘outbreak centres’. 
In June-July 1935 specially important outbreak centres were 
observed to have developed in Mekran and to have been instru* 
mental in great part in bringing about a widespread locust 
incursion into Sind, Rajputana and Baluchistan in July- August 
1935. The forms of which this incursion was composed, included 
a large proportion of the transiens and gregaria phases, and it is 
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practically certain that in case fairly heavy rainfall had occurred 
during the months of August and September in the Rajputana 
desert areas, these migrants might have bred extensively and 
developed into true gregaria swarms. 

In the light of the above observations, the origin of some 
of the past locust cycles may now be examined. Taking the 
most "recent case first, the following observations may be made. 

1940 Otdbreak: Since the closure of the locust research 
scheme of the Imperial Council and the taking over of the work 
of locust surveys in the desert on a comparatively limited scale 
by the Locust Warning Organization under the control of the 
Imperial Entomologist, in April 1939, important locust develop- 
ments would appear to have occurred, ultimately resulting in 
the recent reappearance of swarms after an interval of over 
eight years. Prom the data contained in the monthly reports of 
the Locust Warning Organization since April 1939 (for which I 
am indebted to the Imperial Entomologist), the following 
tentative hypothesis is presented as to the probable sequence 
of events that had brought the new outbreak into existence. 
The final conclusions would, of course, have to be based on 
fuller data, including details of the biometrical facies of the 
populations and further information about the distribution of 
rainfall. 

The rainfall received in the winter-spring season of 1938-39 
in Mekran was fairly heavy and prolonged, and apparently led 
to concentrated breeding in the interior of Mekran and Upper 
Baluchistan including Kachhi during April-June 1939, but as 
the initial migrant population in the winter of 1938-39 on the 
coastal areas was very low, the multiplication was apparently 
not high enough to function as outbreak centres. The monsoon 
rainfall in the desert areas was more or less a failure except in the 
northern areas, where light breeding occurred, and the locusts 
bred here entirely migrated out of the desert by December. 

The winter rainfall of 1939-40 in Mekran was moderate 
and the light population found at the end of winter in Mekran 
bred first on the coastal reks and at a later stage in the interior, 
but not to such an extent as to cause outbreak centres to form. 
In June, however, a light pink swarm was, according to an un- 
confirmed report, seen near the Iran borders in the Panjgur area — 
rather significant if correct. Summer migrants were first noticed 
in the Rajputana desert areas in June. Tbie monsoon began early 
in the month of June, but the rains were not general but fell in 
scattered thou^ fairly heavy showers. Owing to the drought 
which had occurred in the year preceding, most of the vegetation 
was apparently parched up except in those places where early 
showers had fallen, and it may be presumed that the migrants 
from the west were forced to concentrate on such green patches for 
food and breeding. This possibly led to theformation of the initial 
outbreak centres in the desert in June-July, It is also stated 
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that sample populations collected in south Bikaner and at 
Barmer in the first fortnight of July showed a preponderance of 
transiens and gregaria, similar to the facies of the incursion 
migrants found in July 1936 in Bajputana. With the passage 
of depressions from the Bay ol Bengal over Kajputaiia, heavy 
rainfall occurred in August in several places in the desert, and 
various loose groups of locusts present in the eastern parts of the 
desert were possibly earned towards the west or south-west by 
the rainstorms and forced to concentrate in the desert. It is 
also likely that the adults from the early batches of egg-laying 
in June and early July were also partly included in the con- 
centrations mentioned above. During visits paid at the 
beginning of October large numbers of black and yellow gregaria 
hoppers of the 4th and 5th stage are said to have been found in 
the west Bikaner and east Jaisalmer areas and in the Chachro 
area. Bands of very young hopj>ers ai‘e also said to have been 
found as well as numbers of adults concentrated in jvatches of 
cultivation. The swarms reported in the second fortnight of 
October in north Sind, eastern i)arts of Baluchistan, the south- 
western districts of the Punjab and in Bahawalpore State, as v'ell 
as in Delhi, Gurgaon, Hissur and Muttra areas were doubtless 
derived from the infestations mentioned above. 

The Locust Outbreak of 1926 : In January 1926, widespread 
and heavy rainfall occurred both along the coast and in the 
interior of Baluchistan. Extensive^ breeding is presumed to 
have taken place in February-April, and in May-Juno, local 
records show that large* bands of hoppers appeared in the 
Kulanch area, and that sw’arms of pink locusts wm*e met with 
in June, and found disappearing from the area subsequently. 
Similar locust infestation would appear to have been noticed 
also in parts of Kech and Kolwa valleys. These evidently 
of the nature of incipient swarms w^hicdi had been produced 
from a concentrated breeding of migrants from the coastal reks. 

Locust swarms reported to have been found in Kachhi by 
the end of Juno and in Sibi early in July w’-ere presumably 
derived from the interior of Baluchistan and possibly also Iran. 
On the analogy of the incursion of 1935, it is very likely that 
similar incursions of migrant individuals had reached south- 
west Punjab, Sind and Rajputana and had begun to breed with 
the fall of good rain in July. Swarms reached the Lasbela 
area in August, and breeding commenced in that area with the 
heavy rain received at the end of August and in September. 
In the Rajputana desert areas, breeding continued in August and 
September, and with the passage of depressions across the 
desert, locusts apparently became more and more concentrated 
in the south-western parts of the desert, where heavy breeding 
was noticed in the Thar and Mallani areas in September- October. 
Pink swarms produced hero began to invade Kathiawar, Sind, 
Baluchistan and the Punjab between October and December. In 
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1926, the earliest swarms were found in south Sind, whereas in 
1940, the earliest swarms flew north-west and reached the 
southern districts of the Punjab. This was presumably 
because the bulk of the breeding was in the northern parts 
of the desert in 1940, 

The Outbreak of 1923 : Records of the Naib-Wazir, Turbat, 
show that large hopper bands were detected in April-May in the 
villages of Zarenbug and Hassadi in the Dasht River valley and 
that control measures were taken by the local authorities. By 
the end of May, the infestation reached Gabd and practically 
extended all over the valley, and by June the adult locusts 
disappeared from the area. In July locusts were reported from 
the Kachhi area, and presumably others migrated into the 
desert areas about the same time, but apparently swarming 
did not occur in summer. 

The Origin of the Cycle 1912-1919 : In Iflill, incipient 
swarms are known to have been observed in the Dasht valley in 
early summer, presumably as a result of good winter rains and 
especially of good falls in March recorded all over Baluchistan. 
Breeding is also recorded in the Kachhi area in April-May. 
As the monsoon proved a failure all over the desert areas in 
June, July and August, there was little scope for breeding in 
summer. The winter rains of 1911-12 were light to moderate 
in Baluchistan, but the monsoon rains in the desert began early 
in June, 1912 and were fairly he.avy and well distributed. In July 
and August, there were good falls in most places, and in south 
Marwar, there w'ore some showers even in September. Prolonged 
breeding including the production of a second generation would 
ai)pear, therefore, to have taken place, especially in the southern 
parts of the desert. The first swarms were noticed in the Thar 
area in September and numerous flights invaded the south of 
Sind and Mekran in October, November and December. The 
swann formation of 1912 very much resembled that df the 
present outbreak, inasmuch as it immediately followed a year 
of summer drought in the desert. 

Cycle 1900-1907: The year 1899 was a period of severe 
drought in the Rajputana desert area, and very few swarms 
were seen that year. Good rainfall occurred in the winter- 
rain areas in 1900, and was followed by good monsoon rains in 
the desert, as a result of which swarming started again in the 
desert and pink flights commenced in September -October, 1900, 
in Rajputana and Sind and reached Baluchistan and the Punjab 
in November -December. 

CycU 1889-1898: This cycle was preceded by a long break — 
1882-1888. In 1888, good winter rainfall would appear to have 
occurred, but the only evidence about the appearance of locusts 
is the record in the Sind Season and Crop Report of 3 swarms in 
J uly in the Hyderabad area. Presumably, some summer breeding 
had occurred in the desert of which there is no record. The 
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winter rainfall of 1889 was also good, and swarms began to 
appear in the Punjab, Sind and Rajputana areas as early as 
May. The monsoon was also early and rains began at the end 
of May, and continued till the end of August as a result of which 
extensive breeiling took place. 

Cyde 1869-1873: The year 1868 was a year of drought in 
Rajputana. The winter of 1868-69 was a wet one, and swarms 
would appear to have reached S.W. Punjab early in spring, and 
Rajputana in Jime. Heavy breeding occurred in the desert in 
July-August, and swarms appeared in the Thar area by the 15th 
September. 

The data mentioned above would indicate the importance 
of the following sequence of events in originating a new locust 
cycle: (1) heavy and well -distributed rainfiill in the winter rain 
areas in causing the formation of outbreak centres in the interior 
valleys of both Iranian and British Mekran, and bringing into 
existence tlu' nucleus of future outbreaks, (2) the conveyance of 
these incipient swarms into the desert area at the right time for 
bringing about monsoon breeding, and (3) the occurrence of heavy 
and well-distributed monsoon rainfall to bring about concentrated 
and continuous breeding in the desert for building up large swarms. 
Ther(‘ would app(‘ar to be some reason to consid(^r that summer 
<lroughts in the Sind-RaJimtana desert have probably the effect 
of cr(Uiting patchiness of vegetation at the beginning of the suc- 
ceeding year’s rainfall, which is perhaps instrumental in causing 
the initial concentrations of locusts resulting in incipient 
swarming. 


The Importance of checking the Initial Outbreaks 

At the last International Locust Cbiiferenco held at Brussels 
in 1938, stress was laid on the importance of keeping imder 
surveillance the areas known to be responsible for starting fresh 
outbreaks of locusts and of controlling the incipient outbreaks 
before they got out of control. The experience of past locust 
outbreaks has shown that it is difficult to bring locust infestations 
under control, once the swarms have begun to fly about and 
migrate to distant places. The best way of dealing with them 
would be to locate the centres of outbreaks and destroy the 
incipient bands of hoppers before they are in a position to 
acquire wings and leave the area. In the Indo-Iranian area of 
infestation, the primary outbreak centres are formed in the 
winter-rain areas — ^within the limits of British or Iranian Mekran, 
and perhaps also of eastern Arabia, where the transformation of 
phase from aoUtaria into tranaiena or gregaria may occur and 
sometimes even the formation of small, loose, flying swarms. 
Generally, however, the new generation would appear to migrate 
as groups of individuals rather than as swarms, as had happened 
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in 1935, to the summer-rain areas. If conditions are favourable 
here, small concentrations might be formed in June-July-August, 
and in case of the occurrence of good precipitation in August or 
September, the dynamics of the depressions from the Bay may 
bring about further concentrated breeding in the desert and the 
building up of large swarms. 

In regard to the control of the outbreak centres, the present 
locust warning organi^tion has been suffering from certain 
serious handicaps. In the first place, it is only the centres that 
are within British limits that can be tackled by the staff. As 
yet no information is available as to whether the co-operation 
of the Iranian Government has been secured in regard to a joint 
watch and control of the outbreak areas in the winter rain 
zone; for, without the simultaneous control of the Iranian 
centres, much useful pmpose will not be served by the measures 
taken in Mekran only. Secondly, even in the Indian area, most 
of the outbreak centres are located either in distant hill- valleys 
in the interior of Baluchistan, or in wide expanses of the Indian 
Desert, and as most of them are situated in very sparsely 
populated country lacking means of easy communication, it has 
been found difficult, on accomit of the inadequacy of the staff 
engaged on this work at present, to detect cases of incipient 
swarming sufficiently early for purposes of control. 

The Resolution of the Fifth International Locust Conference 
on this subject recommended the formation of an organization 
composed of staff financed by the co-operating govemments, 
whose functions were to be chiefly (1) the permanent super- 
vision of all outbreak areas — ^whether known or suspected, and 
(2) the immediate destruction of incipient swarms whonevc^r 
observed. 

The locust warning organization of the Government of 
India, as at present constituted, was not designed to undertake 
the control of the incipient outbreaks. Indeed, the present 
strength of the staff cannot be deemed to be sufficient even to 
patrol effectively the vast areas of locust habitat for the detection 
of the danger points in time. Since swarms have now appeared, 
the indications are that a new cycle of infestation has started, 
which will mean that further trouble is in store for the cultivator 
when these swarms begin to breed with the fall of winter rains. 


Sunspot Cycles and Locust Periodicity 

It is generally recognized that many of the natural 
phenomena noticed on the face of the earth are ultimately 
traceable to the energy derived from the emanations radiating 
from the sun, and it is not surprising that an explanation of the 
countless fluctuations found in various earthly phenomena, such 
as the daily weather changes and variations in the growth of 
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plants and animals, has been sought in the variations in the 
quality and quantity of solar radiation. Emanations from the 
sun are, on the other hand, found to vary with the number of 
the ‘sunspots’ noticeable on the sun’s disc. Sunspots have been 
described as ‘terrific cyclonic storms in the solar atmosphere 
generating powerful electro-magnetic fields’, and the number of 
sunspots gradually increases for some years and then decreases, 
a single cycle of such changes being usiuilly of eleven years’ 
duration. Observations have shown that the occurrence of 
magnetic storms, auroral displays, and the fading out of radio 
transmissions in some years are all connected with an increase 
in sunsiK)t activity. Harlan T. Stetson (1937) has shown in his 
fascinating book on ‘Sunspots and their effects from the Human 
Point of View’ that the growth of plant life varies directly with 
the increase in the number of sunspots, w'^hilo in the case of 
animals there is an inverse variation. Swinton (1880) has 
adduced evidence to show that periods of prevalence of locusts 
generally coincide with those of simspot minima, while Griddle 
(1932) found that outbreaks of grasshoppers in Manitoba (Canada), 
coincide with periods of sunspot minima, and Richmond 
(1938) also found a similar coincidence in British Columbia. 
Uichanco (1936) found a fairly marked negative correlation 
between solar activity and locust fluctuation in regard to the 
swarms of the Migratory Locust {Locnata m. manilensis) in the 
Philippines. 

As, in the case of the cycles of infestations in north-west 
India, fairly detailed data wore available since 1860, a graph was 
wwked out showing the fluctuation in the infestation, based on 
the comparative extent of damage, the area of spread and 
the degree of oviposit ion, and superimposed on a graph of 
sunspot numbers for the corresponding period (Rao, 1938). 
The result w^a,s that a general negative correlation was found to 
be existent betwxxm the sunspot curve and the curve of infesta- 
tion, except at two places, viz. 1905-07 and 1928-31. It was 
also evident that in almost all cases whore a new cycle began 
after a break, the incipient swarms were mostly produced during 
the period when sunspots were either at their minimum or low 
in numbers. 

It is rather difficult to imagine how sunspots could have any 
direct action on locusts unless the emanations from the sun can 
be deemed to have a prejudicial effect on their reproductive 
jx)wers. On the contrary, the locust is entirely dependent on 
the occurrence of optimum weather conditions, especially favour- 
able rainfall in the winter and summer rain-belts, for its multipli- 
cation, and since the world climate is ultimately dependent on 
the quantity and quality of solar radiation, it is quite conceivable 
that locust incidence may be indirectly afiected by the fluctuation 
of sunspot activity. 
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The Need of further Research on Locusts in India 

At the present moment when a fresh swarming of the desert 
locust has begun after an interval of over eight years, it would 
be useful to make a retrospect of the results achieved since 
the last great outbreak. At the time of the commencement of 
the last cycle in the autumn of 1926, when large swarms similarly 
appeared after an interval of over six years, our knowledge as 
to their origin and as to the factors affecting their movements 
and breeding was but limited. 

In consequence of the widespread damage caused by locust 
swarms in India, western Asia and Africa during the last cycle, 
various research schemes were inaugurated in different countries 
and were in progress during the last decade; and as a result 
thereof a decidedly large advance has been achieved as regards 
our knowledge of their bionomics, ecology, breeding grounds, 
general movements and phase transformation. 

In India, investigations were in progress since December 
1930 under the scheme financed by the Imperial Council of 
Agricultural Research. As a result of intensive studies of the 
bionomics of the locust under controlled conditions at Lyallpur 
under the direction of Khan Bahadur M. Afzal Husain, very 
valuable information has been obtained in regard to the effect 
of various factors such as temperature, humidity, muscular 
effort, the proportion of carbon-dioxide in the atmosphere, etc., 
on the coloration and phase development of hoppers. 

In regard to the search for ‘the permanent breeding grounds’ 
of the locust, invaluable information has been secured, showing 
that during s warm-free intervals (1) it lives as a solitary locust 
in the desert areas of Sind, Baluchistan and Rajputana, (2) 
regularly breeds in spring in the western winter-rain areas, and 
in summer in the monsoon areas in the east, being possessed of 
the ability to migrate from one rain-belt to the other at the 
change of the seasons, and (3) assumes the gregaria phase as 
tlie result of crowded breeding in ecologically favourable situa- 
tions in the winter and summer brood areas, and of a rapid 
succession of generations following favourable rainfall. 

The practical aspect of this knowledge lies in the fact that 
the locust is a perfectly harmless insect so long as it does not 
breed under crowded conditions and assume the swarming stage, 
and that it is fully possible to prevent it from breaking out into 
swarms if the outbreak centres are kept under watch and any 
incipient outbreaks that may be noticed are immediately con- 
trolled by the requisite staff. It is evident that once locusts 
are allowed to form into swarms they will migrate long distances 
and spread over a wide area, and it would then be difficult to 
control them except by adopting extensive measures at great 
cost and expense in the various provinces affected. It would, 
therefore, really be a kind of crop insurance to maintain a 
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competent staiEF provided with the requisite funds and material 
to watch the locusts in the desert areas and control the initial 
outbreaks as soon as they are detected. 

It is, however, a tragedy of life that the human mind is 
generally unable to assess danger at its full value unless it comes 
actually face to face with it. While a locust infestation is in 
progress and swarms are actually making their presence felt, 
the public as well as the government are ready to spend vast 
sums of money to control the pest and are anxious to provide for 
scientific investigations to find out all about the activities of the 
insect. When, however, the outbreak subsides and the locusts 
disappear, all interest in the investigations in progress is lost 
in course of time and work is stopped before any legitimate 
conclusions can be reached. The observations made in the 
African and the Indian areas had clearly indicated the necessity 
of immediately dealing with incipient swarms for controlling a 
new outbreak in its early stages, but unfortunately the staff and 
the funds allocated for the Locust Warning Organization were 
obviously inadequate to enable it to control incipient swarming 
at the critical time. Numerous swarms have already appeared 
in ric*h agricultural areas, but by taking the necessary control 
measures, it should be possible to prevent it from developing 
into another cycle of locust menace. 

Although a considerable advance has been made in a study 
of locust epidemiology, there are still various gaps in our know- 
ledge of locusts, espt^cially in regard to problems of a fundamental 
nature, and it is hoped that it would bo possible to get the 
necessary funds for their investigation while material for study 
is available during the present swarm period. 

Besides the Desert Locust, in the case of which, thanks 
to the funds generously provided by the Imperial Council of 
Agricultural Research, a great deal of essential knowledge has 
been acquired, there are two other locusts which are potential 
enemies of the agi'iculturist in India, about which little is known 
as to the exact conditions in which swurrn formation takes 
place. 

First, we have the Bombay Locust — Patanga succincta L., 
which is one of the serious locust pests of India. In the past, 
India has experienced several infestations, of which, however, 
we have detailed records of damage only in the case of the last 
two visitations, 1878-1884, and 1901-1908. The last outbreak 
of this locust was in full swing when the first Entomologist to the 
Government of India — ^the late Prof. Maxwell Lefroy — arrived 
in India and took up his duties in 1904 and the investigations 
c^irried out by him cover a great extent of ground. But, in 
the light of the locust lore of modem times, the problem of the 
Bombay Locust will have to be examined afresh, especially in 
regard to the location of its permanent breeding grounds, an 
investigation of the bionomics and ecology of the solitary phase 
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and the determination of the factors that have contributed to its 
comparative quiescence for the past thirty years nearly. This 
is all the more important, because the staff engaged in the 
surveys of the desert locust in the Bajputana desert areas have 
been finding every year solitary specimens of the Bombay Locust 
during the autumn and winter months in many places, though 
so far its hoppers have not been found anywhere in the desert, 
and there is little doubt that they form instances of long distance 
migration. Past records show that its visitations had descended 
rather suddenly on the public without a warning, and it would 
not redound to the credit of India if, sooner or later. Peninsular 
India all at once finds itself at the mercy of the marauding 
swarms of this locust. At present no attempt has been made to 
study the problem while the insect is in its solitary phase, 
and there is no organization to keep a watch over its developments 
and to check the outbreak in its initial stage. 

Secondly, there is the Migratory Locust. Although it has 
generally been found in its solitary phase all over India, past 
experience has shown that it can, under favourable conditions, 
increase in numbers to such an extent as to assume serious pest 
conditions. In 1878, this insect invaded district after district 
in the southern parts of Madras, usually so free from the impor- 
tunate attentions of locust swaims, but fortunatel}^ it relapsed 
into its usual status of a harmless grasshopper by the end of the 
year. In 1937, this insect was reported to be doing extensive 
damage to crops in October in Sirohi State and in the States of 
Kathiawar and Gujarat, and if its earlier activities in that year 
had not been traced by the Locust Survey staff, one would have 
thou^t that the infestation was only of local origin, whereas 
actually it originated in the hill- valleys of Baluchistan and 
spread into Kathiawar and Gujarat only after passing through 
heavy breeding in the Bikaner- Jaipur areas in July-August. 
At present, it is not known whether the Indian form is allied to 
the Tropical Migratory Locust of Africa or to the Eastern 
Migratory Locust of China and the Philippines, and it is only 
when the gregaria form is bred out that its systematic position 
can be determined. It would be of much scientific and practical 
interest to study it under controlled conditions and find out the 
causes that provoke its sudden outbreaks. 

There are, besides the locusts, certain very injurious grass- 
hoppers in India, which occasionally rear their destructive heads 
in certain years and occasion a great deal of damage. Of these, 
the Deccan Grasshopper, CoUmania sphenarioides Bol., is one 
of the most important, seriously affecting dry crops over a 
very large area of Bombay, Mysore, Hyderabad and Madras. 
This also shows considerable fluctuations in numbers and 
possibly appears in cycles. Species of Hieroglyphus seriously 
affect both dry and wet cereal crops all over India and AeeliOpus 
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affinis is also known to be a serious pest of dry crops in certain 
years in parts of India. 

It is to be hoped that in course of time many of these 
injurious locusts and grasshoppers, which at some time or other 
cause considerable losses to the Indian cultivator, would be 
tackled either by provincial initiative and effort or by schemes of 
an all-India character, so as to bring relief to the man behind the 
plough, who, after all, is the man that directly or indirectly 
supports the whole machinery of Government, though, of course, 
it is somewhat of a forlorn hope at the present time, in view of 
the exigencies of war, to expect any considerable support for 
scientiSc investigations. 
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Presidential Address 

(Delivered on Jan, 4, 1941) 

CULTURAL ANTHROPOLOGY IN THE SERVICE OF THE 
INDIVIDUAL AND THE NATION 

Introduction 

It is my first duty to offer you my siiicerest thanks for the 
honour you have conferred upon me by electing me to preside 
over the deliberations of this Section of the Indian Science 
Congress. The subject of my discourse to-day is ‘Cultural 
Anthropology in the Service of the Individual and the Nation’. 
We, Indians, are now passing through a stage in our national 
life when a clear statement of how anthropology can help to 
build up the future of India is not only suitable to the occasion 
but is an imperative necessity. 

Anthropology is commonly believed to be a border-line 
science which has no practical application. This misconcep- 
tion is duo partly to lack of knowledge of the scope of and 
recent advances in anthropology on the part of the ordinary 
man and partly to the anthropologists themselves who have 
in the past laid too much emphasis on the historical side of the 
subject. But recent trends in both physical and cultural 
anthropology show a definite change in the angle of vision and 
the study of the present is seriously replacing that of the past. 
Professor Le Gros Clark has given us a very clear idea about 
the applied side of Physical Anthropology in his Presidential 
Address before the Anthropology Section of the British Associa- 
tion for the Advancement of Science at its Dundee Session 
in 1939. I do not propose, however, to tread over the same 
ground again, but intend to confine myself to Cultural 
Anthropology alone. 

Before going to show the place of Cultural Anthropology 
in the life of the ordinary man of diverse professions we wish 
to draw attention to one general condition which affects all the 
different groups equally and which shows how Cultural Anthro- 
pology is ultimately connected with them. You are all well 
acquainted with the law of demand and supply in economics. 
An institution does not come into existence if it has no necessity 
for the community in which it flourishes. We hear that this 
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law is equally applicable in the biological world. Anthropology 
as a science is of no ancient origin. We may say in round figures 
that during the last 100 or 150 years at the utmost this subject 
has developed to its present volume and importance. The 
history of the world shows that during this period better means 
of communication arose and the European nations spread over 
the world and established political supremacy over or commercial 
connections with diverse races and cultures. This contact 
between the European races and the coloured peoples of the earth 
has brought to existence the Science of Man. The early traders, 
conquerors and missionaries tried to understand the people 
with whom they came in contact. Every one of them, whether 
an administrator, missionary, merchant, soldier or planter, 
required to be sympathetic in dealing with persons of his own or 
alien race. It has been claimed by one of the early stalwarts 
of Indian anthropology that ‘sympathy is one of the chief factors 
in successful dealings of any land with human beings, and 
sympathy can only come of knowledge. And not only also does 
sympathy come of knowledge, but it is knowledge that begets 

sympathy Familiarity breeds contempt, but it 

is knowledge that breeds respect and it is aU the same whether 
the race be black, white, yellow or red, or whether it be cultured 
or ignorant, civilized or semi-civiUzed or downright savage 
This knowledge which breeds sympathy was supplied by the men 
who came to settle among alien people for purposes of business. 
They recorded the manners, customs, beliefs and superstitions — 
in a word the life of the people among whom their lot was thrown. 
This volume of literature forms the bed-rock of Cultural Anthro- 
pology. These records are not always perfect for scientific 
purposes as they are not the products of trained scientists yet they 
give us the fruits of observation made by the practical men who 
tried to solve their own difficulties and recorded their experiences 
to help and guide others who might have to face similar difficul- 
ties in their own fields of activities. The deductions of modern 
Cultural Anthropology are based on these observations of practi- 
cal men and the subject itself owes its origin to them. This 
clearly indicates the service which Cultural Anthropology 
rendered in the past to the different human professions and it 
may be reasonably expected that it wiU render the same help 
in future, perhaps in a better manner as it is more perfectly 
organized now. So, the Law of Demand and Supply shows that 
anthropological knowledge w&s necessary at the beginning of 
European expansion and the early settlers by recording their 
experiences among alien races laid the foundation of a science 
which has already secured a place among its sister subjects 
and dreams of a future fraught with immense possibilities. 


1 Sir R. Temple— Indian Antiquary, Vol. XXXIV, 1905, p. 133. 
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We hope, you have already a glimpse of the necessity of 
cultural anthropology in modern life and it owes its origin to 
this necessity. But we shall try to convince you further on this 
matter by a detailed study of the part which this subject plays in 
the life of the ordinary man. 

Place of Anthropology in Trade, Industry, and 
Agriculture 

Trade, industry, and agriculture are the three most impor- 
tant institutions of modern man. Our life and culture depend on 
them. They are the sources of livelihood of millions of our 
brethren. Let us see what part anthropology plays, in these 
three departments of modern culture. Trade is mostly based 
on industry and agriculture. It means distribution of goods 
produced by agriculture and industry and the law of demand 
and supply governs this distribution. ‘Who is successful in 
commerce but he who finds out where the market is, and having 
found the market, knows how to take advantage of it and what 
to avoid ? In seeking a market, the habits, ways, predilections 
and prejudices of manj’^ kinds of people have to be learnt, and 
this is the case in a much higher degree in preserving the market 
when found.’ Many a foreign market has been lost by the mer- 
chant and the manufacturer through their ignorance of the local 
I)oople and their pride born of the same ignorance. It is often 
argued by the manufacturer that he is not going to change 
the mode of production of a particular article in response to a 
demand from a foreign market but would stick to the method he 
found suitable for the consumers in the home market. Nothing 
is more foolish and ruinous and this had been the case with a 
number of British firms in the early days according to an expe- 
rienced British administrator. No one will take a thing which 
he does not like or cannot pay for whether he be civiHzed or 
savage. Among the primitive the prejudice is more strongly 
felt. ‘Beads as beads do not appeal to the savage but it is a 
particular kind and form of bead that he wants for reasons of 
his own, practical enough in their way — and so on through 
every article of trade. ’ Sylvia Leith-Ross in her African 
Women points out, in this connection, how European commercial 
concerns consult the opinion of Ibo women traders about the 
suitability of patterns received from England and introduced 
in the area. Their views receive serious consideration from these 
mercantile firms. If you go to the interior of Chota Nagpur, 
you will find nowadays hundreds of rupees worth of glass beads 
and bangles being sold to its primitive inhabitants by the local 
traders. Most of them come from Japan and pass through 
Calcutta. But only half-a-century ago or even less these 
glass articles were unknown to them. Lac beads and bangles 
manufactured in and near about the region by the local people 
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were in use at that time. Chota Nagpur is reputed for its lac 
in the world market even to-day but in spite of this the local 
product could not successfully fight against the foreign article. 
The secret of Japan’s success in tlds department lay in her minute 
study of the local taste, demand, and paying capacity. The local 
producers did not pay any heed to these thiee factors which 
constantly change, however minutely, with progress of time 
and the result is that they have been wholly ousted from the 
market. Brass and bell-metal industry of Bengal is also faced 
with the same fate at present. Aluminium utensils are 
vigorously pushing their way into the rural parts of Bengal and 
the workers in brass and bell-metal will soon pay the penalty 
for their neglect. 

Dress and ornaments show how taste changes with the 
passage of time. Social, political and economic factors 
contribute in a more or less degree towards the formation of 
fashions of a people. This may be illustrated from a study of 
the history of even such an insignificant trait as the ladies’ foot- 
wear for the last twenty-five years in Bengal. Post-war 
impetus to female education, non-co-operation movement in 
politics and general trade-depression all over the comitry have 
operated in the origin and growth of this trait. Numerous 
instances of this nature may be brought forward and they show 
what an intimate knowledge of the social, political, religious, and 
economic life of a people is necessary if you wish to be a successful 
supplier of goods to them. A false stop or a little laxity in the 
constant watchfulness may ruin the business. This intimate 
knowledge about a large section of humanity is supplied by 
Cultural Anthropology and the trader and the industrialist may 
profitably employ tMs knowledge to the furtherance of their aims. 
They may employ young men trained in anthropology to conduct 
their business in far off countries with instructions to keep their 
employers informed about even the slightest changes in the life 
and manners of the people among whom they may be stationed. 
Many important firms in England have appreciated the force 
of this argument and now employ such anthropologically trained 
young men to conduct their business in foreign markets. Indian 
students of anthropology may also be employed in the same 
manner by Indian firms though unfortunately their scope is 
very limited and our mercantUe community not so advanced 
in their ideas. This is, however, a circumstance for wliich our 
subject is not responsible. It may be urged that the kind of 
knowledge noted above can be and had been successfully acquired 
by men who have or had no anthropological training. ‘ Granted, 
but the man who has been obliged to acquire it without any 
previous training in observation is heavily handicapped indeed 
in comparison with him who has acquired the habit of right 
observation, and what is of much more importance, has been 
put in the way of rightly interpreting his observation in his 
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youth/ This is how the anthropologist helps the trader and the 
industrialist and is in turn helped by them. 

Besides supplying information to the industrialist regarding 
the nature of things required by a particular market the anthro- 
pologist can help him in other spheres as well. The old days of 
home-industries are gone. The invention of modern machineries 
has centralized productions in big factories. Tliis has brought 
about the struggle between capital and labour which is occupying 
the attention of all serious-minded people in every country of 
the West. In India, though the fight between labour and capital 
has not reached the same degree of acuteness, it is gradually 
gaining ground. In our country labour is often supplied by 
the primitive tribes. In the mines and factories of Chota Nagpur 
thousands of labourers are employed and they are mostly 
recruited from amongst the tribes which occupy this part 
of the country. The tea-plantations of Assam are also worked 
by labourers mostly recruited from the tribes of Chota Nagpur, 
Orissa and Madras. The treatment which these labourers 
receive from their employers shows utter ignorance of their 
life and customs. This leads to lack of sympathy on both sides 
and consequeni mismiderstanding. Troubles naturally crop 
up under these circumstances entailing huge loss of money to 
the employer and the employed. But tliis can be easily avoided 
with a little knowledge of anthropology. Petty grievances 
which can bo removed by a sympathetic master at a nominal 
or no cost often assume huge dimensions when they are not 
attended to at the outset. 

Big scale farming also involves the question of labour and 
capital. The planters of Assam and Ceylon employ tribal labour 
to a very great extent. They try their best to exploit the 
labourers to the utmost degree and do not make any attempt 
to understand their difficulties. This unsympathetic attitude 
is at the root of much human misery which can be easily avoided 
by a little knowledge. 1 need not point out that there i much 
difference between voluntary and forced labour ; the worker 
must feel pride and pleasure in liis work; he is to be tuned to 
ofler his services and not made to feel that w ork is being extracted 
from him. This psychological attitude is more paying in the 
long run and this can be achieved only by an intimate know- 
ledge of the life and traditions of the workeis, by a knowledge 
of their past happiness and present difficulties. Anthropology 
supplies this knowledge more than any other branch of learning. 
These tribal labourers uprooted from their native soil and planted 
temporarily in and around work-centres lose practically all 
contact with their own people. They no longer find themselves 
under the benign control of their family, clan and village elders, 
each and every one of which units exercises a very judicious 
check over the individual inclinations in their homeland. Free 
from these controlling agencies to whom they always look for 
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guidance whenever occasionB arise these simple men from the 
hills and jungles fall easy prey to the vices common in such areas. 
Moreover, they are often misled by wily interested people to 
(commit actions the fuU import of which they can hardly realize. 
In such circumstanctes arise most of the labour troubles in work- 
centres and it is the duty of the employers to realize the situation 
and arrange for their redress. Strong measures only toughen 
the stuff but a little sympathy with more knowledge may easily 
soften the situation. This is where anthropology brings in 
practical relief to the producers. 

Antheopology in Law and Legislation 

Let us now see how anthropological knowledge can help the 
members of some of our noble professions as for example the 
lawyer, the educationist, and the missionary. A lawyer practis- 
ing in a primitive area should know in detail the manners and 
customs of the x)eople who may come to him for legal advice 
and help. Unless he is well acquainted with the life of the people 
he caimot properly represent his client’s claims before the judge. 
The judge also requires an intimate knowledge of the people 
among whom he has been placed to dispense justi<^o. This is 
more so in a primitive area. The primitive peoples have different 
notions of law and their ideas of grievances sometimes differ 
from those of ours. The law of limitation, as for example, does 
not exist among some of the Kuki tribes of Assam. When 
a man borrows money be is to pay it back whenever convenient 
and there is no hurry on either side. It may be realized from him 
or from his son or grandson or any other descendant lower down. 
It is never barred by limitation. Just imagine what a money- 
lender in such an area thinks of when he hears that the borrower 
is not required to pay back the loan as it has not been sued for 
in time according to our custom or law. In Chota Nagpur, 
again, marriage by force is an established custom among some 
of the tribes. Nobody thinks it to be a serious crime and cases 
of this nature are not infrequent in this area. If these cases are 
brought to the court and punished according to our estimation 
of the magnitude of the crime it will be sheer injustice. Some 
magico-religious conceptions also deserve mention in this con- 
nection. Belief in witchcraft is a common feature in many 
primitive areas and sometimes leads to very atrocious crimes 
by parties of villagers working together. From time to time 
we hear of murder of old women, suspected to be witches, from 
tribal areas. The intensity of the crime cannot be realized 
until and unless we understand the mental and cultural outlook 
of the people concerned in such crimes. Instances of human 
sacrifice to different deities in fulfilment of vows or for boons 
come to our knowledge occasionally from similar areas. The 
administration of law in these and similar other cases involve a 
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consideration of the magico-religious beliefs and superstitions of 
the culprit and his community. At least a part of the responsi- 
bility of such crimes lies with the cultural make-up of the people to 
which the perpetrator belongs. Promulgation of the laws of 
civilized life .among a people of this type without previous 
education to uplift their cultural condition is unjust and in- 
judicious. As long as the beliefs and superstitions of such a 
people are not eratlicated by education and new values established 
in their place the laws of civilized life cannot be introduced among 
them with justice. This shows how the administration of 
law requires anthropological knowledge even where its sections 
are clear and the evidences complete to punish the accused. 
There are innumerable instances of this nature and the lawyer 
and the judge must be thoroughly acquainted with the people 
in order to evaluate i)roperly the facts laid before them and their 
interpretation too. Without this intimate knowiedge, both 
of them may fail to discharge their duties in a suitable mamier. 

Legislation is a more important field than administration of 
law for the employment of antliropological knowledge. We 
all know that most of our law's are codified customs and customs 
form an important branch of anthropological studies. Primitive 
society is guided and controlled by immemorial customs and 
many of them differ in tlieir essential values from our conceptions. 
We have already pointed out how magico-religious and socio- 
economic conceptions of these backward peoples differ from those 
of ours and even a cursory study of any of our primitive tribes 
will convince you how they have built up then culture round 
these ideas and conceptions. Under these circumstances intro- 
duction of our laws amongst them often tends to maladaptations 
and consequent decay or degeneration of tribal cultures, 
vSpeaking about Africa, Lord Hailey, G.C.S.I., G.C.I.E., one of 
its greatest administrators, expressed his doubt about the possibi- 
lity to evolve a homogeneous system of law by roconcihng the 
native customary law wdth the European law. In the chapters 
on law and justice and land of his monumental work African 
Survey he points out how conflicting the ideas and interests 
are in the development of land-tenure and warns the government 
about all attempts at premature interference especially in this 
field. 

In our own country examples are not rare of hasty legislation 
which have either proved de^ laws (when they are mere per- 
missive) or have definitely been harmful to the whole or part of 
a community. An instance of the former type is the Widow 
Remarriage Act which being a permissive law has proved in- 
nocuous and has not been able to strike at the root of the evil and 
solve the problem for which it was intended. If we are to believe, 
what Mr. J. M. Dutt has shown in the pages of the Modern 
Review (Jan. 1940, pp. 36-41), that enforced mdowhood 
is ultimately responsible for the gradual decrease of Hindu 
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population in Bengal, then this law should be turned into a 
coercive one in the interest of national welfare. Here we require 
the help of the social anthropologist who will point out by 
intensive investigation the advisability or otherwise of promul- 
gating a coercive law of this nature. Another instance of a 
futile Act of this type is the Sarda Act of 1929 which prohibits 
marriage of children. The aim of this Act is evidently to stop 
marriage before physiological maturity which is the only justi- 
fication for such a measure against a very important socio- 
religious and economic institution. But the age of marriage 
legally allowed by this Act falls far short of physiological 
maturity. British India even falls short of what has been 
prescribed by some of the Indian States and readily 
accepted by its people. Such a measure should have been 
preceded by a wide and intensive study of its socio-economic 
implications and the prevailing opinion of the people. Who 
is better fitted for this task than the cultural anthrojK)- 
logist? There are talks to restrict Hindu polygyny and to 
introduce divorce amongst them by legislative measures but we 
are afraid that these also will meet with the same fate which 
overcame their predecessors in the domain of socio-religious 
legislation. At every stage in the passage of such Acts 
orthodoxy clamours unceasingly against these so-called re- 
actionary measures and almost in every case successfully am- 
putates the well-conceived measures and the promoters of the 
latter are not armed with the requisite facts and figures to fight 
against the age-old conservatism of our coimtry. The result is 
a hcdf-way compromise which practically nullifies the original 
motive of the measures. Such half-hearted actions not only 
retard future progress but also lull into quiescence the spirits 
of change and progress. 

Society is, as it were, a huge organism. If you strike it 
at any one point, all its parts feel and react. One should be 
cautious before he attempts to strike such an organism. The 
Permanent Settlement of Lord Cornwallis brought about a Hindu 
landed aristocracy in Bengal in the early years of British rule 
out of political and financial exigencies. The system of inherit- 
ance practised in this part of the country has for the last 150 
years gone on dividing these holdings generation after generation 
reducing their size and income. Thus a large class of petty 
landholders came into existence. European trade with the 
development of Calcutta as the most important centre for export 
and import business with Europe attracted a large number of 
these small landholders and gave employment to them. Besides 
this, the conquest of the whole of India with the wealth of Bengal 
and with Calcutta as the base, provided further employment 
in government service to a large number of the sons of the same 
landed community. Moreover, this community realized at an 
early stage the importance of English education and unhesitat- 
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in^y gave up the indigenous systena in favour of the novel 
importation and thereby prepared themselves for the part which 
they have played in the development of British trade and British 
political supremacy. What they suflfored in this new adjustment 
need not be reiterated here. Suffice it to say that this is mainly 
responsible for the dismemberment of the Bengali joint-family 
and the subversion of the land-economy of the country especially 
in its middle class population whereby thousands lived on the 
direct products of the land. The strong Hindu middle class 
which has been brought into existence by requirements of British 
rule and British trade forms now the pride of the country — a 
community which has its roots deep into almost every nook and 
corner of our socio-economic life. The recent recommendations 
of the majority of the Moud Commission to abolish this perma- 
nent settlement naturaUy raises grave doubts and graver suspi- 
cions in the minds of anthropologists about the judiciousness of 
hurrying into such a step. Such an Act, according to the estimate 
of the commissioners themselves, will involve directly about 
two and a quarter millions of Bengal’s population. Indirectly 
it would affect a much bigger number and its stupendous effects 
on the social and economic life of the province cannot be realized 
at this stage. Experiences of African experiments should guide 
our legislators in this difficult situation and I would not hesitate 
to draw their attention to what has been said by Lord Hailey 
in comparable circumstances and referred to before in this dis- 
course. A thorough and sifting enquiry by a band of competent 
social anthropologists in urban and rural centres and among 
all classes of peoples who are directly or indirectly connected with 
the problem is necessary to assess the effects of such a revolu- 
tionary mecfcsure. It is not the task for a Commission composed 
of persons who have no personal knowledge of or contact with 
the life of the millions who have been placed at their mercy. Nor 
is it the task of the economist or sociologist alone but we require 
one who combines both these sides and something more and that 
is a sympathetic knowledge. 

Owing to improvement of facilities for travel and transport 
and lack of food and employment in the densely populated areas 
of advanced countries ci^^zed i)eople have moved and are 
still moving towards the more backward parts of their own or 
other countries. This has brought them in contact with the 
primitive peoples inhabiting the more inhospitable regions of the 
earth. Besides this, the more intense exploitation of the natural 
resources of the country by capitalists and business corporations 
has necessitated the importation of cheap labour to mining 
centres, industrial works and cash-crop gardens of the different 
undeveloped areas. And cheap labour is supplied by the tribal 
peoples. This has brought into existence vast areas of culture- 
contact wherein the sav£^ 8uid the civilized are nowadays 
living side by side trying to adjust themselves as far as possible 
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to each other’s cultures. But is this attempt at adjustment 
the savage has always a losing game to play. He is no match for 
his wily neighbour who always tries to exploit him in every way 
possible. The result is the growth of a number of maladjustments 
in social, religious and economic life of the less advanced and 
this is undermining the strength and vitality of these people. 
Here we shall consider only the legal implications of such culture- 
contact. 

India possesses a vast area of culture-contact wherein 
primitive tribes from neighbouring hills and jungles have come 
down to live among its civilized peoples. All along the foot 
hills of the Himalayas we have a vast area of this nature. The 
border districts of Bengal towards the east form an area of such 
culture-contact between the Mongoloid peoples of Assam and the 
Bengalis. A similar area is also met with on the western front 
of Bengal and this is practically the story of many other provinces 
of India. Besides these border areas, there arc culture-contact 
regions even in the heart of a number of provinces such as 
the tea gardens of Assam, the coffee plantations of Madras, the 
mining districts of Bengal and Bihar, etc. The total population 
of these culture-contact areas of India runs into several millions, 
and this sufficiently indicates the magnitude of the problem. 

These areas are generally governed by laws which are suitable 
to the more advanced communities. But this has given rise 
to a number of maladjustments. We shall consider here only 
one such case — ^that of the Garos. A large number of people of 
this tribe have come to settle in the plains of Mymensingh at 
its northern boundary just below the Garo Hills. The dominant 
people here are the Bengalis among whom they have established 
their villages. Tlie Garos of the Garo Hills are a matrilineal, 
matrilocal people among whom property is owned by the women- 
folk and men have no right over it unless it is self-acquired. There 
is a special system of inheritance by which one of the daughters 
is selected (nokna) to inherit the property of the mother. This 
system worked quite satisfactorily so long as the Garo stuck 
to their hill home where temporary hill cultivation is practised. 
Land, in this area, has no intrinsic value of its own as the same 
plot does not produce any crop for more than 3 or 4 years at a 
stretch after which it has to be left fallow for 10 to 20 years to 
accumulate mould in order to be ready for another cycle of cultiva- 
tion. The house, another important item of property in the plains 
where it costs a lot of money, is not of much importance in the 
hiUs whore the materials are available in the neighbouring jungles 
without payment and the labour is provided in each case, free 
of charge, by the villagers themselves. Besides these, that is, land 
and house, the hill Garo family of ordinary means possesses a 
few domestic utensils and agricultural implements, most of which 
are manufactured by the householder himself. Tims the 
question of inheritance does not loom large in such a community 
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and the sons of the family easily go over to then* wives’ place 
leaving to their selected sister and her husband all the property 
of the family. Moreover, in such communities, accumulation 
of wealth in particular hands is a rarity as the system of economy 
is not suitable to its growth. Under these circmnstances the 
migration of Garo families to the plains of Mymensingh with a 
different system of land-economy, that is, with permanently 
cultivated fields and with the possibility of accumulation of money 
in individual families, has led to a change in the outlook of Garo 
sons and their fathers. They no longer like the idea of leaving 
the permanently cultivable land to the nokna and her husband 
and a confiict has come into existence. The recent revenue 
settlement of the district has brought out the nature and extent 
of this confiict, and the Department of Anthropology of the 
University of Calcutta was invited to investigate into this 
problem. Very interesting facts have been revealed by this 
study of the Garo law of inheritance in the plains which fully 
justifies the claims of anthropology in the elucidation of problems 
of culture-contact. 

Africa shows innumerable problems of culture-contact 
in connection with law and justice in its different areas. At 
the invitation of the Bechuanaland Protectorate Administration 
Prof. Schapera studied the laws and customs of the Tswanas and 
showed that a proper understanding of them depends on an 
examination of the nature and functions of the political, terri- 
torial, kinship, ago and class groups. This relationship between 
different persons and groups form the background of primitive 
law. Law in primitive society does not dej)end on State sanction 
alone but has its roots deep in the life and traditions of the people 
and stands on sanctions of a very different nature some of which 
are automatic, others magico-religious and the rest derive their 
sanctity from public opinion. This is the secret of primitive 
administration. Without an executive authority or sometimes 
even a judicial body, law and order are maintained in primitive 
society as if automatically. Tliis is why we advocate the 
employment of social anthropologists both in the administration 
of the old laws and the promulgation of new ones. This is no less 
applicable in case of advanced communities. Legal measures 
affecting the economic system of the country are referred, as 
a rule, to the specialist in that particular branch of economics 
which is affected by the measures. But this is not the custom 
in India, at least, when social legislation is attempted. The 
specialist is not consulted but the opinion of the lay public and 
the whims of our legislators decide the fate of such measures. 
Moreover, the Government do not possess any information, 
beyond what is supplied by the Census Reports, on the socio- 
religious life of the people. I need not dilate on the character of 
the information supplied by these Census Reports and the nature 
of their origin as they are well known to all of you. 1 have 
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already stated that society is as it were a complex organism and 
when you strike such an organism at any one part, all other 
parts respond to it almost immediately. The large nxunber of 
traits — social, economic and religious — ^which compose the 
society are all intimately interlinked and the social scientist 
has made it his business to study this system of linkage and is 
thus able to indicate how these links will behave when one of 
them is affected by a piece of legislation. The opinion of la 3 rmen, 
however erudite and considerate they may be, will at best take 
into consideration a few aspects of the question which have 
possibly come under their personal knowledge and not the whole 
system of linkage. The social scientist on the other hand draws 
upon the accumulated knowledge of his science and shapes 
his views according to this knowledge and his own experience 
and the requirements of the particular case. He also requires 
help and this in the shape of detailed information about 
particular problems and general sociological knowledge of the 
country m which his sphere of work is limited. This leads 
us to the question of an intensive sociological survey of the 
country. As social scientists we must arm ourselves with a 
detailed knowledge of our society scientifically collected by a 
band of trained men under expert guidance so that we may in 
turn arm our traders, industrialists, legislators, educationists, 
social reformers, and administrators, to fight in their respective 
fields. Society is not a static body; it is always changing 
and this corpus of knowledge accumulated at a particular 
period of our national life must be kept up to date by recording 
the changes constantly taking place in our life. This is how 
social anthropologists can help the country in the promulgation 
of new laws and this is where they should be consulted if we 
wish to avoid dead laws and half-hearted measures. 

Anthropology in Education 

Educating the primitive is a dangerous task: it is beset with 
numerous difficulties which are hardly realized by anybody 
except the anthropologist. In culture-contact areas it assumes 
even greater complexity. The Report of an Educational 
Conference of the Pacific region ^ points out how effectively 
it moulds ‘native institutions, standards of living, moral codes 
and inherent values’, and claims that it is more potent than 
even the direct attacks by the State and economic factors. The 
Conference frankly admits ‘that when we institute a system of 
education we do not know precisely what we are doing’. It 
pointed out how the anthropologist can serve the educationist 
by placing at the latter’s disposal the results of investigations 


1 Education in Pacific Countries by Felix M. Keesing, Professor of 
Anthropology, University of Hawaii, Oxford University Press, 1 938. 



(13) 


Section /JT, Anthropology » 


261 


into indigenous cultures especially his knowledge about the 
inter-relation of social, economic, legal, religious and political 
ties which are the main supports of the community. Investi- 
gators in Africa also sing at the same strain. Mr. H. S. Scott, 
in a discussion about East Africa, remarked that though anthropo- 
logical knowledge has been utilized for administrative purposes 
to a certain extent, it has not been dra\^Ti upon for education 
of the primitive children in Africa. The result, according to 
him, is subversive of native interest. Major Hanns Vischer, 
Educational Adviser to the Colonial Office, drew attention to 
the necessity of inculcating a moral code as an element of native 
education. The introduction of Islamic or Christian moral 
<*odes in native educational system of Africa does not meet with 
his approval. Comparing the West African students in London 
with the graduates of Achimota, he remarks how the former 
suffer from lack of a code of values of their own which only can 
support a man when he is separated from his own environment. 
The graduates of Achimota, according to him, on the other 
hand, having been trained to regard native customs and tradi- 
tions as worthy of respect, are not subjected to this limitation. 
Major Vischer urges the anthropologists to work out a morality 
based on present sociological realities which, he hopes, will fulfil 
a serious want in the native oduc^ition of Africa and will sub- 
stantially help to smooth the clash between modern morality, 
imported by natives brought up in European contact or trained 
in Christian schools, and tribal morality. 

In the matter of tribal education India does not differ 
much from Africa. Rather, the problem is more complicated 
here. In our coimtry, besides the activities of the Christian 
Missionaries we have to reckon with the institutions of the ad- 
vanced Indians who also have been subjected to a system of 
education which can hardly be characterized as suitable to their 
manners of life, congenial to their traditions, or helpful in the 
solution of their national or individual economic problems. 
To-day I shall not deal with the educational problems of the 
advanced Indians though, I may assure you, the anthropologist 
has a definite part to play even in this sphere of our national 
activities but I shall confine my remarks to the tribal com- 
munities of India. 

We have already remarked how the various tribal com- 
munities of India have come in contact mth the advanced 
Indians and the Europeans. Attempts have been made to 
educate the primitive children both by the government of the 
country and by various philanthropic individuals and institu- 
tions the most important among the last being the Christian 
Missionaries. I reserve my remarks about Christian Missionary 
education for a later section. 

Education is perhaps rightly claimed as the panacea of all 
evils that befall manki^. But people differ in its definition, 
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and naturally it has different types. There is one kind of 
education which uplifts the individual morally and intellectually 
and makes him fit for the struggle for existence. There is 
another kind of education which is intended for the exploitation 
of the so-called educated. There is a third type of education 
which the enthusiasts in their zeal for ameliorating the condi- 
tion of the poor and the ill-fated impose upon them without 
considering their necessity or capacity. We have neither time 
nor inclination to discuss this point here but suffice it to say 
that much labour and more public money have been squandered 
and are still being squandered in imparting education which does 
neither suit the people nor help them to put a morsel of food 
into their mouth. On the other hand, it often creates a group 
of drones in the society who disdain labour of all kinds being 
proud of their so-caUed education and live as parasites. Where 
the imposition of a particular system of education is due to 
wilful commission, we have nothing to say but where it is not 
so, the anthropologist can, no doubt, help the educationist with 
his advice. 

Speaking about the type of education worth imparting 
to American children the multi-millionaire motor-monarch 
Mr. Henry Ford, who turned an amateur school-teacher at the 
age of seventy-five after his retirement from business, remarks 
‘Education is not something to prepare you for life, but 
rather a part of life itself. Earning should go hand in hand w ith 
learning. These little children in school, earning money with 
their vegetable garden ; teaching each other their own exj)erionces ; 
helping each other to plant and cultivate, — They are getting 
Real education. For, true education consists in learning to 
do, by doing; learning to help, by helping; learning to earn, by 
earning. ’ This is from the pen of a man whom we may rogaid 
as a true representative of the materialistic West and w^ho has 
risen from the masses and built up his fortune inch by inch by 
dint of his own labour. Now let us see what the spiritualistic 
East regards as the true typo of education for modern India. 

‘ as to primary education my confirmed opinion 

is that the commencement of training by teaching the 
alphabet and reading and writing hampers their intellectual 
growth. 1 would not teach them the alphabet till they have 
had an elementary knowledge of lustory, geography, mental 
arithmetic and the art (say) of spirming. Through these three 
I should develop their intelligence. ' ‘ As to the necessity and 

value of regarding the teaching of village handicrafts as the 
pivot and centre of education I have no manner of doubt. The 
method adopted in the institutions of India I do not call educa- 
tion, i.e. drawing out the best in man, but a debauchery of the 
mind. ’ Tliis is the opinion of Mahatma Gandhi. Now wo may 
ask, is there any fundamental difference in the views of these 
two great men of the East and the West ? We, however, do not 
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find any. We are to remember that this system of education is 
advocated for the children of the advanced people and if you 
visit the tribal areas you will realize how much more imperative 
it is for them. An example from one of our tribal zones will 
clearly bring out how blindly we are following the trodden 
path. 

The Valley of Manipur surrounded on aU sides by lofty hill 
ranges is a secluded spot where its inhabitants have developed 
a culture of their own under ancient and medieval Hindu in- 
fluence. The land is very fertile and the people are mainly 
agriculturists. The Manipuri women are reputed for the textiles 
they weave on their simple looms. Thus, the people do not 
suffer from want of food or clothing. The few other industries 
and trade are subservient to these two basic occupations. Here, 
a few High English Schools have been established for the boys 
and one for the girls too and there is an attempt to establish a 
college. A net-work of j>rimary schools exist tliroughout the 
State. I found two such institutions in two Kuki viflages and 
there are many more in other villages inhabited by the hill 
tribe>s. The two schools T saw used to teach their students how 
to road and wTite Meithei besides a little arithmetic, which they 
managed to forgot within a few months after their departure 
from the S(;hool. This I say from personal exjxjrience. We 
cannot understand how this type of education can benefit the 
Kuki boys. It does not help them to earn a single farthing nor 
does it teach them the means of improving their agricultural 
methods on w^hich their life depends. It is rightly argued that 
primary educ^atioTi opens the vistas of knowdedge to the illiterate, 
but not to those w'ho forget whatever they learn within a few 
months of their leaving the school. This requires a tradition 
and other extramural facilities which the tribal society lacks. 
In a pr('ss communique issued by the Madras Government on 
26th June, 1937, just before the Congress ministry took over 
the charge of government we meet with the following remarks : 

* In the whole of India 74 per cent of those who attend primary 
schools fail to roach class IV where they may be said to attain 
permanent literacy. In Madras the wastage is as much as 69 
per cent, in the United Provinces and the Punjab 75 per cent; 
Bombay 59 pc'r cent and C.P. 52 per cent are better, but Bihar 
and Orissa with 85 per cent and Bengal with 80 per cent wastage 
are the worst.’ If this be the percentage of waste among 
people who include both advanced and tribal groups, you can 
easily imagine the condition among the latter group alone. 

This system of educating the aboriginal is at best futile and 
results in useless expenditure of money. Further it is diflBLoult 
to understand how high school education wiU help Manipuri 
agriculture or textile industry. The employments at the disposal 
of the State are very limited and the students who pass out 
of these schools every year will increase the number of the 
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unemployed as they no longer think of going back to their fields. 
During the first few years they will be idolized by the com- 
munity but this wiU soon pass away when they will be looked 
upon as parasites and it is not impossible that they will be a 
source of trouble to the State. The education which was 
intended to produce a race of clerks for the East India Company 
has no justification for its introduction in a Native State like 
Manipur. Instead of copying what has been forced upon 
Bengal, Manipur could have evolved a type of education suitable 
for its subjects with a view to improve the two main occupations 
of the people, namely agriculture and textile industry. 

In Manipur every girl has to learn weaving if she wants to 
get married. Every one tries to excel every other in this art. 
This was and this stiU is the ideal of Mampuri womanhood. 
But the establishment of a hi^ school for the girls is sure to 
affect adversely this homely and useful ideal. In a few years 
more, I am afraid, the ideal A^e will be one who knows how to read 
and write and not she who weaves well and an old useful industry 
will be sacrificed at the altar of so-called modern culture. 
Mrs. Sylvia Leith-Ross in her study of the Ibo Women of Nigeria 
refers to a similar effect brou^t about by English education 
spread by Christian Missionaries. Though a higher bride-price 
is claimed for girls with this type of location even to-da>, 
yet already Ibo men have begun to prefer uneducated wives 
who are less expensive but more efficient. Men and women 
contribute equally to the solution of the bread -problem among 
the Ibos and the present system of education which merely 
trains the girls to play the part of fine young ladies lead them 
and their husbands to more and more uncomfortable situations. 
If you investigate the missionary attempts in the District of 
Ranchi in Chota Nagpur to educate the tribal people you will 
perhaps find the same condition. 

Besides helping to find out the proper type of education 
to be imparted to a people anthropology may also assist in 
creating suitable teachers for such areas and this is equally 
important. Juvenile mind is attracted by sympathy and a 
successful teacher is one who can attract his students. We 
have already stated that sympathy is born of knowledge. When 
a teacher from a higher class or culture comes to a school where 
the students are recnaited from a backward people he generally 
assumes a patronizing attitude and often looks down upon his 
pupils. Though this may not find any outward expression yet 
every student realizes it in a very short time almost instinctively 
and this makes them apathetic or even sometimes inimical 
towards the teacher. Love and respect of the students are the 
two most imi)ortant assets of a teacher. His success depends 
on them. Moreover, if a teacher is not acquainted with the 
home-atmosphere of his students it is difficult for him to combat 
with the evils which originate there. Thus character and 
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knowledge are the two most important factors in the make-up 
of a good teacher and this is dependent to a great extent on 
Anthropology. 

Akthropology and Social Service 

In recent years a number of philanthropic or religious 
missions have sprung up in India among the children of the soil. 
But they camiot be compared with the Christian Missions of 
Europe and America either in magnitude, organization or 
influence. In spite of this, the Indian organizations are slowly 
gathering strength and they have a fair field and fruitful future. 
Though these Missions are now being worked by philanthropic 
people who have devoted their lives to the service of suffering 
humanity, yet this stage is sure to pass away and w'^ill be followed 
by a more organized one when specially trained people will be 
necessary to carry out the work. In Europe and America, 
missionary work has provided employment to a largo number of 
students of anthropology and India also will provide the same 
in the near future. 

Missionary work may be classified into different categories 
according to the main aim and ideal of the group. There are 
social missionaries, political missionaries and religious mission- 
aries. But each one of them combines the functions of the 
other two to a certain degree and so each class is equally potent 
to bring about good or evil to the peoifie among whom it works. 
They represent disniptive forces and the very nature of their 
work is responsible for this character. They introduce new 
ideas about social behaviour, political thoughts and religious 
beliefs and practices. The established order of the community 
is attacked at different points — ^points which are comparatively 
more vulnerable — and a breach at one region is the precursor 
to more at others, and at last the deluge comes. The less 
advanced the community the more exposed it is to the preachings 
of these missionaries. I do not, how^ever, deny that many of 
these bodies have rendered ideal service to our less advanced 
brethren. They have brought medical relief to thousands of 
suffering humanity, they have introduced hundreds of thousands 
of our ignorant brethren into the mysterious temple of the 
goddess of learning and they have put food into tlie mouth of 
millions of starving population. It is aJl true but all these have 
not been given tree; for every patient relieved, for every letter 
learned and for every morsel of food a pi ice has to be paid. It 
is high time to examine both sides of the scale, to find out 
whether the price paid is commensurate with or exceeds the 
so-called gift. For this purj)ose we shall not subject to an 
examination the Indian missions which are more or less weak 
imitations of the Christian missionary organizations of Europe 
and America, but shall assess the value of Christian missionary 
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work and that not in India but in AMoa because the Dark 
Continent perhaps shows the maximum activity of these Mis- 
sionary organizations and there has been practically wholesale 
conversion in particular areas and tribes. There are, in Africa, 
tribes with authentic records about social, economic, political 
and religious systems of pre-Christian days and trained anthro- 
pologists have studied such groups in recent years with a special 
view to find out the effects of Christianization. Such a group 
is the Baganda of Uganda and Dr. L. P. Mair in assessing the 
effect of Christianization writes 'Christian missionaries have 
set their faces against all the patently "uncivilized aspects 
of native culture, whether or not they were directly forbidden 
by the Scriptures: they have opposed polygamy, slavery, the 
payment of bride-price, initiation ceremonies, dancing, wailing 
at funerals, and the belief in magic, along with human sacrifice 

and the exposure of twins yet, to the anthropologist 

who sees culture as an organic whole, even those institutions 
which seem in terms of human suffering most cruel will be found 
to have some place in the maintenance of the society, such that 
their uncomprehending destruction must carry with it the loss 
of essential elements in the social structure ; while the condemna- 
tion of others will prove often to be due to mere failure to re- 
cognize their positive value. According to the same author 
there are factors of great importance for the individual for 
which control is provided by magic. Christianity does not 
supply any substitute for it. Cure of disease, faitlifulness of 
a wife, capacity to pay off debts and success in business are a 
few of these factors for which Christianity has failed to replace 
magic. In the same society Christianity has destroyed beliefs 
about automatic supeniatural punishments especially those 
relating to unchastity. The result is laxity in sexual morality 
and Christianity^ has not been able to set up the moral standard 
of European society in this African community. In conclusion 
Di\ Mair writes ‘ Regarded strictly in its religious aspect, as a 
system of beliefs and practices to which man turns for re- 
assurance in facing the unknown and confirmation of his moral 
standards, it is very difficult to judge how far Christianity has 
reaUy been assimilated into Baganda culture. ’ ^ 

In another area, Malaita, in the Solomons, Christianity is 
firmly rooted probably owing to certain similarity with the 
heathen past. Still it has caused disintegration in several aspects 
of native social life. Christian schools are responsible for the 
impudence and laziness of the students. Tlie children no 
longer resi)ect their parents and help them in their leisure hours 
but merely play and roam about for long hours after the lessons 
are finish^. Attempts to stop it have proved futile. Dr. H, I. 


1 L. P. Mair — An African People in the Twentieth Century, p. 3, 

2 L. P. Mair — ibid., p. 261. 
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Hogbin who studied these islanders informs that young people 
in mission areas develop interest in sexual matters at an earlier 
age.i He records a number of cases of sexual unchastity among 
young folk leading to premarital pregnancy. ‘Nowadays 
when an intrigue is discovered the teachcirs and parents usually 
insist on marriage of the couple’. But older people are horrified 
and chafe at being prevented from killing the d(^linquents. 

We are ready to believe that tlie missionaries begin their 
work witli th(^ best of intentions but gofxl will is not sufficient 
safeguard against uncoirscious or ill-judgiul measui'os. When 
you once let loose the forct^s of disruption there is no means of 
knowing how far they will go and when they will (;ease. Thus 
bride -price as an institution has received attention from the 
nnssiomiries in th(‘ yolumoii Islands. It lias been i)rohibited 
as an evil custom among the converts. Hr. Hogbin writes 
‘I have myself heard a. missionary deplore th(^ fact that the 
natives havt^ such little regard for their women as to buy and 
s(dl them like pigs. H(‘. was undfu* tht^ impression that the 
transfer of valuable's gives the husband the right to treat liis 
wife just as he jiloases.’ This is far from the truth. The 
parents of the girl wlio receiver the biide-price do not hoard it 
for their personal use but distribute it ainong relative's ‘so that 
if wealth Hows out of the kinship group uhen the men marry 
it flows back again vdth the wedding of tln^ girls'. But out of 
this transaction society in the Solomon is endowed with an 
iin})ortant social control fielkd' in magic* and ancestor cult, 
and ])aym(‘nt for bridc^s are the most cffiective sources of the 
authority of the (iihns over tlie youth. The Chimii in this 
])arti(*ular ar(«i realized it t>oo late and a compromise was (dfected 
in 1929, when bride-price was allowed but fixed at throe tafuWae 
(approximately worth two pigs). But this has not solved the 
])roblem as the amount, is too low and (*an be earned by any 
normal youngnian wlio will not liavo to depend on his relations 
for this. Thus the new' measure does not establish the insti- 
tution at- its original ]>osition.2 Hependeiwe of the youth on the 
aged is a strong link in the social management of Malaita and it 
cannot bo destrox'cd without disturbing tlu‘ other social traits 
wiiicli are linked witli it. Polygyny is another institution 
which has met xvith the disapproval of the (‘hiirch in some 
Melanesian Islands. Tli<" missionaiies have even induced the 
Administration to ])rohihit it in ])a.rtie\da.i* areas. In tlie Tro- 
briand islands ^ the prohibition of polygyny undermined the 
position of the chk'fs b\ robbing them of thc^ most im])ortant 
source of income and led to subversion of native authority and 
caused general disorder. This shows how even a perfectly 


1 H. 1. Hogbin — Experiments in (]?ivili/.ation, p. 204. 

- H. I. Hogbin — ibid,, pp. 212 aufi 213. 

8 Malinowski — Sexual Life of Savages, pp. 110 and 114, 
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desirable and beneficial measure from our standpoint may be 
injurious to a community with a different social system. These 
are only a few instances of such maladjustments brought about 
by missionary attempts. So far as regards well-intentioned 
attempts without a knowledge of the situation. 

The motive which guides the Christian missionary as well 
as the realm of his duty and obligation are beyond the jurisdiction 
of scientific criticism but not so his methods. The missionaries 
have accumulated much anthropological knowledge but they 
have used it loss. A distinguished missionary -anthropologist 
speaking of missionary methods writes that the ‘missionaries 
have regarded themselves as agents of European civilization 
and have thought it part of their duty to spread the use of 
English language, English clothing, English music — ^tho whole 
gamut of our culture. They have confounded Christianity 
with western civilization. In my opinion this is a mistaken 
view of the Christian mission. It is not his business to substi- 
tute European tribal customs for African or Polynesian. But 
unfortunately they have made this attempt in most of the* 
places where they have been commissioned to carry the message 
of Christ. Charles Jhonson a distinguished missionary of 
Zululand — ^not an anthropologist— declared in imequi vocal 
language how this method had been carried to the farthc^st 
extreme. Ho wrote ‘the missionaries wore the products of tln^ir 
time. The European consciousness of superiority to the Bantu 

was a very marked feature of that period No one 

tried, as far as can be judged, to learn what there was of good in 
the Bantu systc^m of life and conduct, and to sublimate it by 
infusing Christian doctrine and ethics into it. The central 
idea was to prise individuals off the mass of the national life, 
rather than to leaven the whole nation with Christian teaching. 
When so prised off the individuals were gathered into missionary 
reserves and no longer permittt^d to take part in the life of their 
nation.' It is of course claimed that this criticism of a past 
age does not hold good for the present, nor for all regions. Ih)- 
fortunately it is still applicable to India and this has boon evi- 
denced by no less a pc^rson than a provincial dii'ector of ethno- 
gi'aphy — himself a Cliristian Englishman and a high govermne^nt 
official. 

Wo are not in a position, at present to assess Christian 
missionary work among tribal people of India, as neither thc^ 
Government nor the public have made any serious attempt to 
subject this kind of work to a systematic study by trained people. 
But the attempts of the Christian Missions among Haiijan 
people have received some attention from political leaders and 
reports of their work have come out in the press. These, after 


1 Vol. LXIV, 1934 — ^Pr^mdential AddreBs by Rev. E* W. 
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all, do not show thorn in a good light. It appears that the 
Christian Missions in their zeal for conversion have lost sight 
of their ultimate aim. They have misconstrued the moans for 
the end. Instead of making it their life’s work to carry the 
message of universal and eternal love to the suffering humanity 
which the Son of God was (commissioned to bring to this world 
they merely spend all their energy in inducing people to go 
through the ritual of baptism. Such cojwersions are not the 
effect of a real change of mind brought about by true Christian 
teachings whicch claim to enlighten the soul and to satisfy its 
craving for eternal love and knowledge. On the other hand, they 
are occasioned by worldly inducements of momentary im- 
portance. The result is that the converts often flock back to 
their old fold as soon as the temporary need is removed. The 
very nature of those en masse conversions proves the ti-iith of 
the above assertion and indicates the state of mind which in- 
duces such conversions. I shall give only two instances of this 
conversion for conversion’s sake. 

In 1936 a Roman Catholic Mission came to Arrah ond 
began \\^ork. At first they tried to bring to their denomination 
the Protestant converts of the locality and were su(*cessful 
to a certain extent. But later they tunied their attention 
to the Hindu Harijans. Their method is to visit a village 
and make themselves familiar with its inhabitants. Nc'xt 
they establish a school with a Harijan teacher who is either 
himself an influential man of the locality or has an influential 
relation th(>re. Tims they bide their time until a tension 
ensues between the Harijans and the other inhabitants of the 
village* or a litigatioii starts bt^tween tin* two grou})s. Thtui 
they side with the Harijans, give them mon(*y and advice. 
*Th(^y an^ thus hailed as saviours and conversiem follows as if 
to rt^])ay the obligation.’ In thana Piro they conve^rted about 
450 pei‘s(3ns within a period of a little over one year. ‘Tlie one 
remarkable feature of th(^se recent conversions is that they take 
place en masse. WluuieA'er a village Harijan leader accepts 
the junv faith almost all belonging to his (*lan follow liirn. Some- 
times an infiuential Sardar is instrumental in converting people 
of his community living in s(‘veral villages.’ Such conversions 
were not due to (’onvirdions but to socio-economic reasons wliich 
wore not far to S(?ek. Success w^as due to the peculiar situation 
in which social disabilities and economic iniquities had disturbed 
the mental equilibrium of this opprovsned social group. i 

Hero is another instance of such conversion. In Salem 
District during 1939 Harijans were being converted by the 
Christian Missions on a mass scale. The caste Hindus decided 
not to employ those converts during religious festivals or social 
ceremonies such as birth, marriage and death, or even in 

1 M. K. Gandhi — How they convert*, Harijan, June 19, 1937. 
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agricultural works. This meant a substantial loss of income both 
in cash and kind to these converts. The result was that many 
of them sought reconversion and came back to their former 
fold. ‘This is due no more to a change in belief than their first 
conversion was. Prospects of material gain lured thorn to 
Christianity; actual loss of emplo 3 m:ient compels them to come 
back. Thus during 1939 as many as 153 people from three 
villages have been reconverted here, while many were recon- 
verted in other places . .’ i These two instances clearly 

indicate the aims and methods of at least some, if not all, of the 
Christian Missions working in India. Another significant fact 
about Christian missionary work in India is its utter failure 
among the middle and the upper classes- This shows its 
weakness. It is not conviction which attracts people to 
Christianity but lure of worldly gain. Africa also testifies to 
this fact and anthropologists working in different parts of that 
continent have repeatedly attracted our attention to this feature 
of Christian conversion. 

Christianity has been adopted by subject races w h(‘n it has 
been presented to them by members of the governing nation, not 
because of its inherent merits but because' of its material advan- 
tages. The white man’s \vealth and his nuahanical ma.stery 
over natural forces produce a. sense of inferiority and dazzle 
eyes when first viewed. When they realize that the way to 
this w'ealth is through the school th(‘,y assembU^ at its door and 
begin to devour without discrimination wduitev(*r is })laced before 
them. ‘In the light of new knowledge the old traditional life 
is easily despised. The ancient language appeal’s barbarous 

Old customs, old loyalties are thrown ov('r- 

board.’ To wdiat an extent this systematic denationalization 
runs can be gathered from the fact that in certain parts of 
Africa ‘not a single African leader considered it ])ossibl(^ for 
anybody to be at once a Christian and an Africtin If this be 
the real position, it is now time to stand and reckon wludher this 
vast amount of wealth in men and money can lx* employed in a 
better and more profitable manner. 

Fortunately, wo hoar, there is a change in the attitude of 
the missionaries at least in other countrit^s. They have realized 
the existence of valuable traits in native cultui’o and are now 
trying to make a synthesis of European and local c*ultur<^s 
through the schools and missions. This now attitude d(unands 
closer co-operation with anthropology. Sublimation of local 
trails needs careful research into the nature of kxuil institutions 
and beliefs whose essence is proposed to be conserved in the new 
synthesis. This, no doubt, pushes the missionaries into the 
embrace of the anthrojjologists for help in discoveiing the vital 
elements of culture. Already the Protestant missionary societies 
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have ostablinhod their own Department of Social and Industrial 
Research. The International Institute of African Languages 
and OultuTcs owes its origin to a grou]) of missionaries and their 
friends. Missionaries on furlough now attend lectures on an- 
thropology and already there are in the fickle! a number of aca- 
demically trained anthroj^ologists in the service of the different 
Missions. Dr. Hogbin of Sydney University wrote in 1939 tl^at 
‘the Departnu^nt of Anting)] K>Iogy in the University of Sydney 
during tlie last few yt^ars has trairu^d over seventy candidates 
for the mission field in New Guinea, Papua, Fiji and Australia.’ i 

T M'ish to attract here the attention of our Indian missionary 
(jiganizations (‘specially thos(^ which are (‘ngagc^d in work among 
]>rimitive trib(*s. Tluiy an^ to take k ssons from tludr compeers 
of the other faith. They also may fall into the same traps whi('h 
have j)rov(‘d ruinous to th<‘ir Christ ian brethnm. No doubt they 
an* neana- to their subjects in (‘olour, faith and social values. 
Then* is (d’ course no abrupt bn^ak Ixdwia^n the primitiv e and the 
advaiKXHl iji India : om* gradually nierg#‘s into the otlu'r through 
the int<)rm(‘diate gnuk^s of the so-calk^d exterior castes. This 
is to their advantage as it helps tlu'in to realizes the mental 
makc-uf> of tlu* ])riniitivf‘ more easily. But this should not lull 
th(*m to .s(*curity. Thi're iin^ iniumuualdc*. ])it falls and they 
must be arnu'd vn ith kno\\l(‘dg(‘ t-o av'oid tlicm. We hav^e already 
stat(‘d that most of tlu* Indian organizations an* vvorkful by num 
who have* shou1d<‘red tlu* task out of slu'cr love and s\mj>a.thy 
for tlu* sufhring humanity. Th(*y have* not been attracted by 
any hop(* of ( tuolunuMits. But this condition ('annot and will 
not last for ev(*r. A time will come when j)aid wx)rkers have to 
b(' (miploy(ul for this ty])e of work. But as it stands at present 
W(* hav(‘ the iinic|U(' opportunity to utilize this army of sedf- 
sacriticing s]urits for the juirpose* of social servd(‘e throughout 
tlu* country, llu' matewicl is no doubt good but it i’ef|uires 
pro]>er moulding and this can Ik* accomplish(*d if our Univwsiti(‘S 
take up tlu* task. Training is necessary for vvi'ry kind of work 
and social service is no exception. The Universities by o]>emng 
Social S(*rvice Classes undtw suitable teach(*rs and by providing 
for instruction in a. number of subjects such as rural hygiene, 
rural sanitation, adult education, co-o])e ration, village industries, 
etc.. Avith anthropology at tht'ir forefront, may give a new 
orientation to this branch of our national activities. 

ANTnKOFOL<H?Y AND AdMINISTKATION 

The im])orta.nc(* of anthropological knowledge in adminis- 
trative affairs is recognized nowadays by different (’ountries 
especially by tliose with a section of tribal population. In 
India, according to the last Census operations, w^e have a tribal 


^ Dr. H. I. Hogbin — Experimc’iiits in Civilization, p. 249. 
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population of more than 22 millions out of a total population 
of a little over 362 millions or in other words out of every 16 
persons one is an aboriginal. These people occupy the most 
iulxospitable regions of our country. Their ha>)itat extends 
over deep forests and steep hill ranges whore they eke out a 
miserable existence. Away from the ken of civilized men 
and unaware of them these children of nature silently fight 
’wdth inhospitable environment and wrest from it the barest 
minimum necessary for keeping body and soul together. 
They have no idea that the State has any responsibility 
towards them or that their poverty is in any way connec- 
ted with the activities of their more prosperous neighbours. 
They attribute their ill fortunes to the machinations of evil 
spirits and remain satisfied with making offerings to them. 
But their ignorance is no excuse for us. The Government of 
the country as well as the educated public? have? no justification 
for shutting their eyes from the miseries of tliese simjde people. 
We have both legal and moral responsibility for these 22 millions 
of wretched souls. In India, the aboriginal tribes have to face 
two sets of exploiters: there are the foreigners to whom every 
Indian, whether savage or civilized, is equally exposed, and 
besides them there are the advanced Indians, who have estab- 
lished themselves in various capacities in the midst of the 
aboriginal population and are advancing tlK?ir own interest at 
the expense of the savage. The Indian aborigines thus require 
double protection — ^jn-otection from both internal atid external 
exploiters. This has been acknowledged, in theory at least, by 
the British Parliament, The Government of India Act, 1935, 
provides (in Sections 91 and 92) for declailng these tribal tracts 
as ‘excluded or partially excluded areas* and they have been 
placed under the direct charge of the Provincial Governors. 
Such areas are free from the jurisdiction of the ordinary adminis- 
trative machinery as veil as the Provincial and the Central 
legislatures. This means a different administrative system 
intended to provide protection to the aborigines from the repre- 
soitatives of the internal exploiters. But it has not saved them 
from the foreign exploiters. Moreover, the type of administra- 
tion sot up for those areas does not differ much, in e'ssonce at 
least, from what was in existence in the past or what we find 
outside these areas at present. These arc? half-hearted measures 
which look well in administrative reports but do not hedp much 
in actual life. The inadequacy of these measures vill appear 
from a comparison with the steps taken in other parts of the 
world as for example in Africa, to improve the condition of 
the tribal people. 

In Africa the European nations have come in intimate 
contact with the tribal people and an experiment of great 
magnitude and of immense human interest is going on there in 
the matter of administering the aboriginal population. A 
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brief reference to this may give us some idea of what possibly 
can be done in India in the same sphere with necessary altera- 
tions. ‘ The central problem which faces Government in East 
and Central Africa is to discover a basis on which white and 
black, with Asiatics as well, can live together under conditions 
of rapid economic change and with adequate opportunities for 
political development.’ The policy of Parallel Institutions 
provides according to a large number of thinkers the best solution 
of the problem. This poli(iy is often known as Indirect or 
Dependent Rule. It has been lojig i)orceived in Africa that 
under Direct Rule, the tribal organizations with their customary 
laws and traditions either gradually disintegrate or are forced 
underground where they tend to take the form of anti- 
governmojital organizations and secret societies. This led to a 
change from Direct to Indirect Rule whi( 5 h was initiated from the 
b(^ginning of this century. As a result, the greater part of tribal 
Africa is now being administered on this principle. What are 
the essential points of this Indirect Rule ? In the language 
fd* Miss Margery Perham ‘ it is a system by which the tutelary 
])owcr recogjiizcs (*xisting Afri(?an societies and assists them to 
a^bipt themselves to the functions of local government. ’ It aims 
at devcloi)ing local institutions under aclvanced guidance. It 
does not intend to keoji th<nn in a static condition but wants to 
develop them within the framework of native society so that 
they may conform to civilized standards. Now, this policy 
of Indirect Rule cannot bo applied to administrative activities 
alf)ne. If it is to be successful it must be applied simultaneously 
to other s])hores as well such as social organization, education, 
religion and economic affairs. 

What is the relation between this new polie.y and anthro- 
pology In one word it may bo characterized as an experiment 
i » applii'd anthro])ol()gy. Though it will be too much to claim that 
tli^" j)olioy of IndinMjt Rule in Africa originated from anthropo- 
logbtal knowledge, it is clear that its extension has been preceded 
by wide anthropological research on which it was cortahily based. 
To take an instance, in Northern Nigeria officers were required 
to come in close (contact with the natives and collect materials 
on their life while preparing the tax-roll. Rev. E. W. Smith, 
0:100 President of the Royal Anthropological Institute, referring 
to this custom writes — •* The material thus collected formed 
the basis of the policy of government >\duch sought to work 
with and for, and not against, the natural and national evolution 
of the peoples. So it was found possible to extend Indirect 
Rule to pagan oommunities whom few at one time would have 
expected to be susceptible to this mode of government. In 
later years efforts have been directed to establishing the same 
system in the southern provhioes of Nigeria after painstaking 
investigations into the indigenous forms of clan or tribal control. 
In the Anglo-Egyptian Sudan, Gold Coast, Northern Rhodesia 
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and Nyasaland it has also, in varying degrees of completeness 
been instituted.* After the Great War this system was intro- 
duced into the mandated territories under Britain whore a 
consistent and patient attempt was made to resuscitate the 
indigenous mode of government. Tliis is the story of ('ameroons, 
Togoland, and Tanganyika Territory. 

How far and in what manner anthropological knowledge 
can be applied to problems of tribal admin ist;ration has been 
experimented upon among the Hehe tribe of Iringa District in 
Tanganyika Territory for a period of one year. The District 
Officer Mr. BnicM' Hutt rc‘ferr('d his administrative problems to 
Mt‘. fJ. Gordon Brov^Ti the anthropologist wlio had been conduct- 
ing anthropological field-work among the tribe for some time^ 
past. They followed the principle laid down by Prof. Mali- 
nowski that ‘the practical man should bo asked to state his 
needs as regards knowledge on savage law, economics, customs 
and institutions: he would then stimulate the scientific anthro- 
pologist to a most fruitful line of resc^arch, and thus receive* 
information without which he often gropes in the da»rk *. They 
decidc'd to collaborate on the* basis that the administrator will 
make practical decisions on the information supplied by the 
anthropologist on whom he will fully roly as to the accuracy 
of the information. The latter also, on his 3 )art, would not 
quest, ion the decision of the administrator in case* of a difference 
of opinion provided all the informations have b(M*n laid before* 
him. The result of this (‘xperiment was published in the form 
of a book called Anthropology in Aciion : An experimevt in the 
Iringa District of the Iringa Province, Tanganyika Territory in 
1935 and shows how successfully anthroi)ological knowl(*dge 
can be apjDlied for administrative purposes. 

The works of the Fellows of the International Institute of 
Afrhran Languages and Cultures have provi*d beyond doubt the 
value of anthropological knowledge in practical administration. 
The Repoi-t presentcid to the Rockefeller Foundation on the work 
of this Institute (July 1, 1931 — June 30, 1939) claims that 
‘ The Governments, indeed, of some of the territories in which 
the F(*llows have worked have shown themselves anxious to 
obtain their further servmes’; that Dr. Margaret Read has 
begun ‘ a study of the effects of the emigration of adult males 
on village life * in Nyasaland at the request of the Government ; 
and that Dr. S. F. Nadel has been appointed Government An- 
thropologist in Anglo-Egyptian Sudan and is at present working 
in the Nuba Province, llxe Government of Northern Rhodesia 
‘ set up in 1937 the first institute for systematic sociological 
research in colonial Africa*, though its formal inauguration 
has been deferred till 1940. This is the Rhodos-Livingstone 
Instibxite with its headquarters at Livingstone. The govern- 
ment supplies 52 per cent of its funds while the rest is derived 
from munificent donations from commercial and industrial 
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organizations. Alrt^ady two anthropologists aro working under 
this Institute in Northern Rhodesia and more will be appointed 
with the increase in funds. The same Report states ^ The 
Fellows have been asked for advice on special subjects by the 
Governments of the territories in which they w^ero at work. 
To give some examples, Dr. M. Fortes was asked by the Govorn- 
ment of the Gold Goast for a rej>ort on marriage law among the 
Tallt‘nsi, and he also ])r(7)ared a plan tor the new constituti(m 
for the Tale Native* Administration, which became tlui basis 
for the constitutioJi introduced in 1930. In Nigeria Dr. Nadel 
w'as consulted on a number of subjects.' He advised the 
gov(*rnnient about the ‘ traditional system of village j^olitical 
orgaiiization among tlu*. Nuj)e and the possibility of using it 
ibr jnirpost's ot mrxlern administration. He also dealt with 
questions i*(‘lating t(i the ado^dion of spcicial pagan courts in 
addition to tlie existing Muhammadan courts of tln^ Emirate, 
the reorganization of the town administration of Bida, the 
(‘arning i)OA\er and income ol the inhabitants of Bida in conn(*e- 
tion with a reass(*s.snient ol taxation which was contcunplated, 
and (|U(*stions ol agricidtural t(‘(*hnique as they affected a 
Govf‘rnment scheme lor introducing mixed farming. Dr. Wagner 
was asked by tlu* <»o\ernm(*nt of Kenya for advice and 
iidormation on jwobleins of Katiiondo land tenure ' 

Tli(‘ saiiK^ intimacy betAveen antbropokigy and administra- 
tion lias been d(*monstrat(‘d from anotlioi' (|uart.er. Tlie work 
of Dr. Raymond Firth in Tikopia, a small isla-ml in the Baoiiic 
with a jiopulation of twch e hundred souls, sliowshow’ the ‘tradi- 
tional equilibrium betw'e(‘n po]mla.tion and food sujijdy wais 
ma.inlaiiHKl, among other things, by “a celibacy in wdiich (daistity 
W'as not enforced", by “a- discreet infanticule ”, and by war’. 
Now’ this equilibjnum has been ups(*t by the ('hiistian mission- 
aries and tin* government. The former by discouraging ])re- 
raarital fi(‘xual intei'course has introduced earlier marriage 
I(*ading to a. gre^ater number of progeny and tlu' governnumt 
have jirohibiled infanticide and w^ar. Dr. Firth ])redicts over- 
|) 0 ])ulation and famine at the end of another g(‘iiera tion, if not 
earlii'r, if tliis rate of increase continues. Thus the Government 
is forewaijied one generation ahead and it is the duty of the 
State to be forearmed. Dr. Filth points out in the same con- 
nection what- alternative measures might bo adopted su(*h as 
agricultural development, migration, encouragement of birth- 
control, showing at the same time the inherent difficulties in 
each case. Thus the anthropologist has amply justified his 
claims about the value of technical information for govern- 
mental purposes. 

We in India are also faced wdth the administration of a 
huge tribal population and with the advent of popular govern- 
ment, it is high time to move in the matter and see what improve- 
ment is possible in India. For this, at the first instance, a 
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thorough anthropological isurvey by specialists is necessary. 
This is to be followed by employment of officers with anthropo- 
logical training who will keep themselves abreast with the changes 
in the cultural make-up of the people over whom they are placed 
and thereby keep the records of the specialists up-to-date. This 
is equally necessary for tribal and non-tribal areas. As a rule 
all officers of the State to be employed in the tribal areas should 
have either previous anthropological training or arrangements 
should be made to give such training after appointment in or 
transfer to such tracts. This rule is to be observed not only in 
connection with executive and judicial officers but also with 
those who belong to the police department and forest service. 
In fact, the Government is required to create a band of officers 
specially fitted for this type of work by education and inherent 
sympathy. They should not allow things to drift. The force 
of this argument may be brought home by reference to the 
many oases of bungling caused by lack of anthropological 
knowledge of the officers employed in tribal areas but owing to 
la(;k of time I desist from them at present. It is not, however, 
my intention to cast any aspersion on the ability and sagacity 
of tlie officers concerne(l at present with the administration of 
tribal pc^oplo but there is surely sufficient scope for im])rovemont 
in this particular sphere of activity. If the different Pi’ovineial 
Governments caj\ be persuaded to adopt this policy, it will, 
diminish the chances of maladministration. This hn,s been 
done in the case of Africa where it havS provt^d successful and 
there is every chance of this policy becoming successful in India 
too. 

CONOLirSION 

So long our picture included mainly the^primitive or the 
backward peoples. But anthropology is not concerned with 
them alone. The Functional School of Anthropology has 
demonstrated without leaving any scope for doubt, that it can 
be applied with equal force in solving the problems of civilized 
life. Anthropology is no longer conctjrnod with the savage 
only : it has passed that stage. 

India is at present passing through a transitional period 
not only in politics but also in its social, religious and economic 
affairs. We are confronted mth queries at every turn. The 
politician, the social reformer, the economist and the religious 
enthusiast — every one of them is required to solve new problems. 
At this critical stage of our national life a minute analysis of 
our culture based on facts collected from all possible sources 
would be of immense help to the former. They will know what 
we have and this will help and guide them to formulate now 
ideas and ideals and new paths in their respective spheres. 
Now, this analysis of culture can only be undertaken by trained 
anthropologists, who are best equipped to do it. This further 



( 29 ) 


Section IX, Anthropology . 


267 


broadens our field of activity. Problems like female emanci- 
pation, dismemberment of the joint family, dying out of the 
artisan castes and decay of the middle class — ^to mention a few 
only — ^aro causing anxiety to the best minds of India. Each 
aiul (wory one of them is a vital question affecting the whole 
social organism and they should not be left to amateurs and 
enthusiasts for solution but should be tackled by properly trained 
scientific men. Here we have the glimpse of a wider horizon 
of activity for the anthropologist who may thus starve the 
State and his society, and prove himself to bo an indispensable 
adjunct to modern life. This is to my mind the highest 
realization of the Science of Man. 
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SOME ASPE(;TS of puklio health m india 

‘Man hardJy I’calizes that he can shai>c his own destiny’ — 

Bergson. 

A HISTORICAL PERSPECrriVK 

From tlie (iarliest times man has been actuated by the 
instinct ul aelf-})reservation and the natural impulse of litb- 
interest and life-protection which has been expressed in various 
M ays, such as the raising of food by agriculture and its storage, 
sheltei’, Av'ater-su])])ly, land drainage, irrigation and removal of 
refuse. The otjcurrenee of disease in individuals led them to 
evolve certain empirical rules of personal hygiene and the urge 
for herding together induced them to (*volve and utilize health 
services according to their concept. For example, the recent 
excavations at Mahenjo Dai o and Harappa in the Indus Valley 
and the Punjab have shown that, as far back as 3500 13. C. or 
even earlier (pre- Aryan civilization), the jieople of those days had 
an astonishingly high level of sanitation. Not only were there 
bath-rooms in the privatt* houses with water-proofed brick 
floors and house latrines but a system of drainage with socketed 
drain pipes was provided by which the seAvage was carried into 
street tanks and thence removed by scavengers. Sir John 
Marshall notes that every street, alley-way and passage had its 
own covered conduits of finely-ohiselled brick laid with great 
precision and that the whole drainage system was extremeh’ 
w ell developed. It has to be remembered that the Bronze Age 
}KK)ples of England at this time were living in small grass or mud- 
oovered huts. Civilization in Europe in the sense that we know' 
it was a much later affair than in these parts of India and Egypt. 

Then came the Vedic period of Hindu medicine (about 
1500 B.C,), which attained its highest development between 
600 B.C. and 200 A.l>. The available literature shows that 
considerable progress was achieved in anatomy, major and 
minor surgery, internal medicine and pathology, midwifery and 
children’s diseases, hygiene and toxicology, and elixir (internal 
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secretions) and sexual hygiene. Hospital servicies, both for 
men and animals, existed and nursing services were utilized. 
There wore excellent rules of personal hygiene and some of 
community hygiene. Castellani has noted that at Anuradhapura 
in Ceylon a sanitary ojSicer was stationed to look after the health 
of ten villages. But the palmy days of this civilization gradually 
receded, and although attempts wei-e made to conserve the know- 
ledge which already existed the eastern savants gradually became 
speculative and bound by traditions. The period between the 
2nd to the 15th century was a very dark period for the science 
of metlicint% more particularly in Europe. 

The contributions of Hippocrates, Alexandrian School of 
thought and Galen led to the foundation of Grec^ko-Tloman 
Medicine in Europe. Gradually since the middle of th(^ 15th 
century, the work of Vesalius, Para(ielsus, Eracastoro, Malpighi, 
Haivey, Leewenhoek, Sydenham, Ramazzini and others laid 
the foundations of modern medicine. Meantime plague and 
pestilences repeatedly overran Europe owing to the lack of 
knowledge regarding the nature of diseases its causation and 
propagation. 

The Scientific Renaissance in the 18th century in otht^r 
fields, viz. chemistry, geology, botany, zoologjs physics, mathe- 
matics and astronomy, made a det>p impression on the learned 
world. In the field of public hc^alth, worWs weie just beginning 
to wake uj) and the medical history'' of the century was crowned 
in 1798 by the discovery of vaccination by Edward Jenner. 
Besides the development of the scientific spirit, an extraordinary 
reaction to the new conditions of life was noticeable in this 
period, viz. the growd^h of a ne^w' motive of humanitarianism urging 
the inner man to ameliorate the condition of the stricken and the 
less favourably placed people in society. No doubt this was 
fostered by the liberalism of the French Revolution and the 
writings oi Voltaire, Bentham, How ard, Adam Smith and others. 
Private philanthropy came forward and made it possible for the 
establishment of numerous hospitals. 

The application of steam power to factory uses in 1785 
in England brought about the Industrial Revolution, which led 
to a radical transformation of social and economic life in Western 
Europe. The demand for labour gave rise to congestion and 
overcrowding, particularly in industrial areas. Inertia of 
sanitary authorities, vested interests, ignorance and public 
apathy accounted for appalling conditions of sanitary neglect. 
The sanitary condition of London in 1842 and that of New York 
in 1865 and the sanitary consciousness of their inhabitants can 
very well be compared with those of many Indian towns of to-day. 

The beginning of the 19th century was marked by the 
dawning of social consciousness in Western Europe. England, 
because of its pionec^r industrial developments, serves as a 
prototype to illustrate the social evolution paraUeled in other 
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countries as they became industrialized. Widespread insanita- 
tion, repeated invasions by smallpox, cholera and plague, the 
gradual worsening of the working conditions of factory labour 
following rapid industrialization and the abounding miseries of 
the poor, social discontentment and a universal desire for 
amelioration led to the efforts of Chadv ick and Simon to enquire 
into, report and press for public hc^alth reforms. Althorxgh the 
beginnings of environmental sanitation had already taken 
place, there was not a single comprehensive Act of Parliamc^iit 
concerned with the health of the people until 1845. 

The Reform Act of 1832 gave franchise to one million citizens 
and the passing of the first Public Health Act of 1848 coincided 
with the maturation of social consciousness. Organized sanita- 
tion stailicd u ith efforts to imi>iove poor rehef‘, public vaoc;ination, 
drainage, M'ater-supphes, burial reform, registration oi' births 
and deaths, and sanitary legislation. 

The (ivolution of thc^ c'xiM^rimcmtal method rescued medic ine 
from the clutches of magic*, religion, guess work and cjuackery. 
The outstanding discoveries of the 19th (‘cntury regarding 
anac'sthesia, antiseptic surgery, the causation of infective diseases 
and the* prim iples of imniunologj^ along with the* advances in 
chemistry, i)hysics, physiology, pathology and pharmacology^ 
sw^ept through Westc'rn Eui'ope like a whirlwind and led to an 
increase in the* knowledge* of the diagnosis, prophylaxis and 
treatment of diseases These fundamental advances established 
Hygiene and Prewentive Medicine on a firmcT basis and made it 
practicable, althougli there has always been a lag bcitween 
scientific discoveric's and their application. In the sphere of 
education, the advent of public education in 1870 became one 
of the great public) services. The m‘ed for the abohtion of 
quackery and the realization of the idea that an effective public 
health reform needed an enlightened and organized medical 
profession led to the passing of the Medical Act of 1858 and the 
establishment of the General Medical Council to regulate medical 
education and to control the publication of the State 
Pharmacopoeia. The advent of an organized medical pr ofession, 
the public medical services and of post-graduate medical 
education also took place during this period. The Royal 
Sanitary Commission of 1809 laid down, under eleven he^vds, the 
national sanitary minimum of ‘what is necessary for civilized 
social life in every locality’ laying emphasis chiefiy^ on the 
environmental services. Fui’ther political and economic progr-ess 
facilitated the w'ay to sanitary'' reform and social w elfare. 'J'he 
demand for hospital isolation, extension of hospital accommoda- 
tion, the reduction of poveri>y, the increase and control of food 
supply, the prevention of industrial diseases, the improvement of 
housing and working conditions in the factory, the education of 
defective children and the care of the insane w^ere pr'essed 
forward. 
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After the industrial revolution and before the discoveries 
of microbiology, bad hygienic conditions in the environmental 
sphere were attended to more by architects, engineers and 
chemists than by physicians. As a result, insanitary dwellings 
were demolished and replaced by better ones, wide roads and 
parks were designed, water pipes and sewers laid, abattoirs 
were built, schools and public baths were constructed and 
measures taken against the adulteration of food. The beneficent 
result of these environmental services is reflected in th(^ jku- 
oentage reduction of mortality from tuberculosis in England 
from 100 to 70 by the time the tubercle bacillus was discovered 
(1882). Since th(‘ discoveries of the bacterial causation of 
infective diseases and the increasing knowledge of the i)rinciple 
of natural and artificial immunity against these diseases, the 
shotgun empirical methods of preventing infection of earlier 
days were replaced by precise methods of controlling infection 
conveyed through u ater-sui)plie8, insect bites and dinjct contact. 
These researches were (;ontinued through the succeeding years of 
the 20th century leading to a fuller knowledge of the physiology 
of man’s body in relation to his environment, furtlu r advance 
in the control of infective, tn)pi(;al and parasitic diseast^s, 
remedial measures against nutritional disorders and distur])anc(^s 
of internal secretion and the development of chcMuotherapy 
against microbial diseases. 

The establishment of the Medical R(‘search (.'ommittoe in 
1913 and the impetus given to it during tht^ last Gn^at War 
led to the formation of the Minlical Research Council in 1920 
and of institutes foi* the study of lo(;al ami trojdcal diseases, 
thus making it possible for the (‘xtensiun of irit'dical research 
on various national health probkuns and its application by the 
individual, the community and the State. 

These scientific advances enabU^d a fuller apprehension of 
positive health, heralded the emergence of sociologi(ial medicine 
and profoundly affected the action and purposes of statecraft. 
Political and economic advance was followed by legislation and 
state action on the improvement of working c<mditions and 
occupational hygiene, school health including thi* provision of 
school meals and preventive treatment of defects, the prevention 
oi maternal and infant mortality, health, unemploynKuit and 
invalidity insurance, immunization against disease, the provision 
of better and safer food, and the prevention and care of mental 
deficiency, tuberculosis, venereal diseases and cancer. Subsidized 
housing and town-planning schemes made it possible for the 
eradication of slums, the construction of sanitary dwellings, the 
pr<; vision of cheap-rental houses and the abatement of over- 
crowding, resulting in a great improvement in sanitation and 
cleanliness. The advent of social emancipation since 1919 
speeded up the reforms in every sphere. Finally, the creation of 
the Ministry of Reconstruction resulting in the formation of 
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the Ministry of Health, linked the central government to the 
corporations, councils, counties and districts and ensured a 
better co-ordination in the application of the principles of social 
welfare between the different departments or agencies. The 
difference between preventive and curative medicine was fast 
vanishing. 

The requirements of the new situation needed a variety of 
institutions and a large category of personnel to look after 
them — doctors, technicians, specialists, nurses (public health, 
school health and institutional), chemists and auxiliaries 
(masseurs, radiologists, dispensing opticians, etc.) — ^by bringing 
clinical and non-clinical subjects closer to each other. Medical 
education had, therefore, to be reorganized and by 1930, 27 
medical schools were engaged in turning out general practitioners, 
besides several institutions for post-graduate teaching. The 
present number (1939) of medical practitioners in Engird and 
Wales is 02,000 (or one doctor to 800 i)eople), of whom 16,800 
are panid practitioners looking after 1 7 millions insured at a cost 
of £8 millions. There are 1,4(X) Medical Officers of Health under 
the local authorities, 5,000 connected with the Poor Law Service, 
500 tuberculosis officers, 110 venereal officers, 3,000 attached to 
maternity and child welfare (jcntrcs, 2,000 on the Post Office 
list, 1,700 examining factory surgeons, 1,400 employed in the 
school medical service and 16,800 insurance practitioners. Over 
2,700 hospitals with nearly 300, (K)0 beds, including 10,000 
maternity beds, are looking after curative medicine in a popula- 
tion of 50 millions. Every school week in the year the children 
from 100,000 homes are medically or dentally examined. 

The cost of treatment and maintenance of sick persons 
amounts of £185 millions a year. The public expenditure on the 
preventive services or prevention of ill-health is £13 millions a 
year, while the public environmental services which largely 
contribute to good health cost £100 million a year. There has 
been a general desire for bringing the advantages of medical 
knowledge adequately within the reach of people, but the 
increasing complexity of modern health organization and the 
increased cost of treatment still render it difficult for many citizens 
to pay for the full range of services. This accounts for the delay 
in the treatment of disease. It is estimated that the economic 
loss caused by ill-health in England to-day still amounts to 
£300 million a year. Preventive health and social services and 
medical attention are still considered to be grossly insufficient. 

The increasing significance of the social services is indicated 
by their expenditure. The total expenditure and the expenditure 
per capita had risen in Great Britain from £5 millions or 5s, per 
head in 1850 to £31 millions or 19«. per head in 1900 and to 
£400 millions or £8-17^?. per head in 1934. The expenditure on 
Medical Services, exclusive of Mental, rose from £1J million in 
1900 to £17 i millions in 1934. Although acute diseases have been 
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largely controlled, many chronic ailments still baffle scientific 
w orkers and administrators. 

In 1838, the crude death rate in England was 22 per thousand 
of population, in 1937 it w^as 12 per thousand. In 1838, the 
expec5tation of life at birth was 40 years for an English boy and 
42 years for an English girl; in 1932, it stood at 68 years for a 
boy and 62 years for a girl; in other w'ords, in 94 j^ears the 
probability of life had risen by 18 years for a boy and 20 years 
for a girl. The spectacular decline in the incidence of some 
diseases, consequent on the application of available knowledge 
and co-incident social evolution is illustrated in some of the 
curves given below . The position of India in this regard is also 
indicated therein and by figmes. 

Modern Public Health — ^a field of social activity 

Prof. Winslow of the Yale School of Medicine (1920) defines 
Public Health as ‘the science and the art of preventing disease, 
prolonging life, and the promoting physical health and efficiency 
throu^ organized community efforts for the sanitation of the 
environment, the control of community infections, the education 
of the individual in principles of personal hygiene, the organiza- 
tion of nursing services for the early diagnosis and preventive 
treatment of disease, and the development of the social machinery 
which will ensure to every individual in the community a standard 
of living adequate for the maintenance of health*. Social 
conditions react on health and health reacts on social conditions. 

Bernal (Bernal, J. D. — ^The Social Functions of Science, 1939) 
goes so far as to say that ‘it is probable that an overwhelming 
majority of diseases that occur throughout the world are due 
directly or indirectly to the lack of primary necessities, generally 
food, and many of the remainder are attributable to bad working 
conditions*. Considerations of health can seldom bo divorced 
from economic, demographic and social factors. The human 
factor is the more important than other factors in raising the 
resisting powder to diseases of backward countries like India. 
Speaking on nutrition, Sir John Orr expressed the following 
opinion in his Chadwdck Lecture in 1936 — ‘It may be assumed 
that any Government would accept as the first essential the 
necessity for ensuring that every individual in the State shall be 
able to get a diet siffficient to maintain health. If a system of 
production and marketing of foodstuffs fails to do this, the 
State, through its medical and social services, must pay for the 
treatment of those suffering from an inadequate diet*. 

Medicine needs to recognize the whole nature of man, as 
shaped by his home, his surroundings, his education, his work, 
his economic status, his recreation and his struggles and aspira- 
tions. Medicine has thus become fundamentally a social science 
and a field of social activity in which is applied practically every 
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basic science directed towards a comprehensive programme 
of community service. The following scheme is given to indicate 
the major functions of social life and the place which shoxild be 
assigned to public health : 

It will be evident that when maintenance of health and 
prevention of disease are aimed at in the programme of social 
welfare, the cure of diseases gradually becomes less voluminous 
in proportion to the rate of progress in the utilization of scientific 
tools for the physical, mental and moral well-being of the com- 
munity. It is to be noted that here, as in many other spheres, 
scientific progress in the abstract has often out-distanced concrete 
achievement. The knowledge about the prevention and cure 
of many diseases and the maintenance of positive health and 
prolongation of life has been known throughout the world, but 
its application has lagged behind at different levels in different 
countries. The co-ordinated planning and technique of socialized 
medicine in Soviet Russia for 20 years have out-distanced the 
piecemeal achievements of England through 100 years. In 
Soviet Russia, the health of the individual is the concern of the 
State and of Society as a whole. Indeed, the Soviet Union is 
the one nation in the world which has undertaken to set up and 
operate a complete organization designed to provide preventive 
and medical care for every man, woman and child within its 
borders. Russia’s example in the sphere of health protection 
has stimulated the Western European countries and America to 
consolidate their previous disjointed efforts into a cognate whole 
towards the ideals of sociological medicine. 

‘ The failure to establish scientific methodology in determining 
tools for community welfare is one of the chief factors responsible 
for the present social lag throughout the world’ (J. B. Grant). 
In public health administration, as in laboratory experiments, 
the principle of ‘observation of natural phenomena and their 
confirmation through controlled experimentation’ should be 
followed. Research, surveys and social experijnents must be 
carefully blended in evolving the method of approach to a public- 
health-social problem. The evolving of practical methods 
requires sound economic considerations and proper training of 
the nf^cessary ptirsonnel and their organization requires adherence 
to sound administrative principles, the securing of popular 
response and intelligent participation as well as the co-ordination 
of the inter-related spheres of governmental activity. Planned 
co-ordination between research, training and administration is 
an essential desideratum. 

The essential principles of sound public health administration 
rc‘fer to (i) the necessity for the administration of the different 
health functions being undertaken for the w^hole community by 
a single governing body and not for different sections of the 
community by several governing agencies, wdth necessary co- 
ordination between inter-related sections; in other words, there 




MAJOR FUNCTIONS OF SOCIAL LIFE 





(11) Section X, Medical cfc Veterinary Research. 219 

should be ‘centralized direction and decentralized activity \ 
The administration must provide for technical supervision and 
periodic appraisal of the efficiency of the organization, (ii) 
Successful administrative procedure results only from scientific 
investigation and demonstration of organizational methodology 
in the measures whereby knowledge can be applied in practice to 
groups of population. The proper training of the necessary 
personnel in applying the methodology is an important require- 
ment. (iii) Successful administrative procedure must be based 
upon sound financial considerations and practicable economic 
budgetting suited to the area and the population. Where cash 
purchase of health reform is difficult, the available cash may be 
utilized for technical guidance and supervision and the citizens 
may bo encouraged to offer trained voluntary labour ( = pa 3 nnent 
in kind), which is the largest item in cash purchase, (iv) 
Successful community utilization of knowledge for public health 
reform and medical protection requires a cei*tain level of politico- 
(‘conomic progress and education. Health of the people is 
achieved through the people being themselves possessed of 
adequate education in, and practice of, health knowledge, 
(y) The securing of co-ordination between the related spheres of 
social services, owing to their mutual inter-dependence, (vi) In 
order to ensure better working and to avoid mistakes in local 
effort, the whole design of a public health planning must be before 
the mind from the beginning. Any effort, ho weaver small and 
localized, can confer benefit, if it is designed in relation to 
the scheme as a whole. 


The trend of Public Health Procjress in British India 

It is needless to point out that political events and social 
deterioration disorganized the systems of Indian Medicine even 
before the European powers came into touch with India. By 
1800 A.I). the British were firmly organized as the rulers of this 
sub -continent. 

The begimiings of the Indian Medical Service may be traced 
to IfiOO A.D. w^hen the Company brought in British doctors as 
ship’s surgeons. Between 1763 and 1760, a regular service was 
created and was divided into civil and military. These doctors, 
who had to w^ork under groat difficulties, carri^ed the torch of 
Western medical science from place to place. Assistants w^ere 
at first trained as dressers, apothecaries and general hospital 
helpers — the fore-runner of highly trained subordinate services 
of later times. The first Medical School w as opened in 1822 and 
a Committee on Medical Education was appointed in 1833 which 
led to the establishment of two Medical Colleges in 1835. The 
qualifications of the latter were recognized by the Royal College 
of Surgeons, London, in 1845. We do not find any notew^orthy 



280 Proc, 28th I,S.C. : Part II : Presidential Addresses^ (12) 


progress iii the first half of the 19th century except in the intro- 
duction of Jennerian vaccination in 1803 and the passing of the 
Indian Quarantine Act, 1825. The British rulers at this time 
were more concerned with the health of the army and of the 
Europeans in India. There was no evidence of any repercussions 
of the progress of scientific knowledge on the economic progress, 
the dawning and growth of social consciousness or the experiments 
in environmental sanitation. 

The very active period of fundamental advances in science 
in Europe in the second half of the 19th century and the con- 
comitant political and socio-economic progress which helped to 
establish hygiene and preventive medicine on a firm and 
practicable basis had rather poor repercussions in India. In 
the sphere of research, which was entirely in the hands of the 
British workers, half a dozen names stand out prominently, 
viz. Lewis (1872) described Filaria sanguinis hominis and 
Trypanosoma lewisi, Vandyke Carter (1877-78) described the 
causative organism of Indian relapsing fever, Evans (1880) 
described Trypanosoma evansiy Cuimingham (1885) described 
certain bodies in Dellii boil which were later confirmed by 
Leishman and Donovan (1903) as L.D. bodies, Koch (1883) 
confirmed the identity of V, choleras in Indian cliolera, HafPkine 
(1895) introduced cholera vaccine and Ross (1897) discovered 
the transmission of malaria. The major part of our knowledge 
in the scientific sphere in India up to the end of the 19th century 
was due to the work of a few scientific departments of the 
Government and of a few isolated workers who devoted their 
spare time to pursuits which interested them. In quite a number 
of cases such devotion to work was discouraged by the heads of 
departments, as happened in the case of Sir Ronald Ross. Since 
all the important posts were held by British members of the 
Imperial Service, Indians got very little opportunity for working 
into the mysteries of the causation of diseases and the problems 
of theii* prevention and treatment. The first Pasteur Institute 
was opened at Kasauli in 1893 and the Haffkine Institute was 
started in Bombay in 1899 for the manufacture of prophylactic 
vaccines against cholera and plague. The Imperial Veterinary 
Research Institute was established in 1893. The Indian Institute 
of Science at Bangalore, which is now taking a prominent part in 
biochemical investigations, was started in 1890. Antiseptic 
surgery was introduced between 1876 and 1881. 

In the sphere of education, the first three universities were 
founded in 1857 but these and others founded later were mainly 
of an affiliating type rather than serving as centres of teaching 
and research. The medical teaching was chiefly controlled by 
the Indmn Medical Service, although loosely connected with the 
Universities. State medical services were composed of military 
and civil officers, besides a growing independent medical 
profession and the followers of the ancient systems of Ayurveda 
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and Unani. 47% of the oflBIcers in the Indian Medical Service 
numbering 220, which was treated as War Reserve, were posted 
to the civil side, all the important teacliing and administrative 
posts being statutorily reserved for them. In the sphere of 
public health; as has been stated before, most of the efforts 
were chiefly directed to the safeguarding of the health of the 
army and the Europeans in India and to the prevention of 
infection through transport chamiels, land or water. It is said 
that the 'real history of sanitary organization in India* began 
in 1859 when a Royal Commission was appointed to report on 
the sanitary state of the army in India. This Commission 
suggested the appomtment of a Commission of Public Health 
for each presidency ‘to give advice and assistance in all matters 
relating to public health and to exercise supe**vision over the 
sanitary condition of the population, both European and Indian. 
‘The piimary object of these })rovmcial commissions was to try 
to diminish sickiu^ss in tlie army; but tliis was recognized to 
involve (1) the sanitary improvement of Indian towns, (2) the 
prevention and mitigation of epidemic diseases, (3) constant 
observation of the sanitary condition of the population and the 
reports of the prevalence of sickness, (4) the construction of 
works of diainage and water-supply, (5) the })ropcr carrying out 
of sanitary rules and regulations, (0) the pieparation of codes 
and rules adapted to the special sanitary requiremients of the 
army and of tlie civil population, and (7) the submission to the 
Government of India of plans for co-ordination and supc^rvising 
the whole sanitary administration of a presidency. * No doubt 
the rapidly advancing sanitary progress in England at the time 
and the occurrence of excessive disease and deaths in the army 
dictated the inception of these ideas, but it is significant to note 
that the Government of India at that time ‘did not favour* a 
general sanitary system ovdng to the financial and administrative^ 
difliculties of introducing this into India’. The folio vdng are 
some of the important public health Acts of the period: — 
Indian Lunatics R(unoval Act (1851), Indian Mercliant Shi])ping 
Act (1859), Puri Lodging Houses Act (1871), Bengal Births and 
Deaths Registration Act (1873), Bombay Vaccination Act (1877), 
Calcutta Burial Boards Act (1811), first Indian Factories Act 
(1881), amended in 1891, 1911, 1922, Bengal Municipal Act 
(1884), Bombay Protection of Pilgrims Act (1887), Indian 
Railways Act (1890), Pilgrim Ships Act (1895), Indian Epidemic 
Diseases Act (1897), Indian Lepers Act (1898), and Indian 
Glanders and Farcy Act (1899). The passing of tlie first Local 
KSelf-Government Act in 1885 relegated the task of the promotion 
of sanitation to local bodies and village unions. Tlie beginnings 
of political and social progress wore thus laid here. Maternal 
and infantile mortality attracted the attention of voluntary 
workers, which resulted in the establishment of the Dufierin 
Association for supplying medical aid to women in India (1866), 
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the introduction of modem nursing (1869) and the starting of a 
Women’s Medical College at Ludhiana (1894). 

It is significant to note that while the recommendations of 
the Royal Sanitary Commission in England (1869-71) were 
implemented by continuous efforts to apply the knowledge gained 
from the discoveries of the medical science and by persistent 
State action to educate the population in matters concerning 
health and to develop the environmental and medical services, 
those of the Royal Sanitary Commission in India (1869) were 
relegated to the background as being inapplicable to the then 
Indian Community. 

Forty years of the 20th century have seen enormous advances 
in medical knowledge and its application by the State in England 
and other Western countries, along with simultaneous social 
evolution and political progress. Each of the new discoveries 
in the various sciences opened up a new vista of possibilities 
for applying them to the well-being of man. The consolidation 
and co-ordination of the piecemeal measures of the previous 
century have helpt^d to develop medicine as a social science and 
to restrict and defeat disease wherever it shows itself, to prolong 
human life wherever it exists and to build up and conserve health 
as such in the home, in the school, in the factory and in the field. 

Let us glance, for a moment, at what was taking place in 
India during this period. In the sphere of medical research, 
Leishman and Donovan’s discovery of the Kala-azar parasite 
(1903), the report of the Plague Commission (1904) and the 
discovery of Urea Stibamino by Brahmachari (1920) may bo 
considered as important landmarks. Since the publication of 
the Report of the Plague Commission (1904), which advocated 
the reconstruction of the Sanitary Department on a wide imperial 
basis, and with the establishment of adequate laboratory accom- 
modation for research, teaching, sera and vaccine production, the 
strengthening of it by the recruitment of scientific experts and 
the placing of the new service under the Government of India 
in respect of both the executive and scientific duties, the amount 
of medical and veterinary research carried out in about a dozen 
and half research institutions, in various spheres, has not been 
small but most of them have not been dictated by particular 
unsolved public health problems and even when their results 
have been made known there has been very little attempt to 
apply the scientific knowledge to the eradication of prevailing 
maladies and to the physical well-being of man and animals. 
Tlie establishment of the Bacteriological department in 1906, 
most of whose workers belong to the Indian Medical Service, and 
of the Indian Research Fund Association in 1911 ‘with the object 
of ensuring a continuous supply of young workers of adequate 
calibre and of attacking such medical research problems as 
awaitx^d solution’ are to be considered as important steps in 
solving the urgent public health problems, although the manner 
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of their working is still defective and is capable of improvement. 
It has to be remembered in this connection that the Indian 
Research Fund Association is a much older body than the 
Medical Research Council in England (1920) which is doing 
excellent work. 

Li the sphere of medical education, a University grade and a 
lower (or school) grade of education have been prevalent since 
1857, but the latter qualification is neither recognized by the 
British General Medical Council nor the Medical Council of India. 
The new University Regulations of 1906 tried to improve medical 
education and advanced studies, both of which need immediate 
reform to suit the requirements of the national health policy. 
The Indianization of some of the professorial chairs at medical 
colleges began in 1911 and the Indianization of the hospital 
staff began as late as 1923. The establishment of the Calcutta 
School of Tropical Medicine (1920) and of the All-India Institute of 
Hygiene and Public Health (1932) has made it possible for the post- 
graduate training of medical and public health personnel. The 
Medical Council of India (1933) aims at improving and standardiz- 
ing medical education in India. Twelve^ Medical Colleges and 27 
Medical Schools are now turning out about 700 graduates (includ- 
ing 100 women) and 1,500 licentiates per annum, the same 
numbe^r as England and Wales are turning out for l/9th of the 
population of India. The requirements for the annual output 
of qualified doctors in India are far more than this. The total 
•number of qualified doctors in India is 42,000 or one doctor 
per 10,000 population and that also very unevenly distributed, 
in contrast to England’s one doctor to 80() persons. 

During the latter half of the 19th century, the policy of the 
Government of India with regard to sanitation and sanitary 
staff was marked by vacillation but more activity was noticeable 
since the beginning of the 20th century. The Government of 
India formulated a forward sanitary policy in 1914 (Resolution 
dated 23rd May, 1914), when some useful principles of sanitary 
organization including research, sanitary surveys, urban sanitation 
(conservancy, water-supply, drainage) and tovm planning, rural 
sanitation, health education and the combating of epidemics, 
were laid down but they have hardly been properly implemented. 
The political and social awakening of the earlier years of the 
present century was followed by the Government of India Act of 
1919 which accepted the principle of provincial autonomy. This 
led to the transfer of medical administration, including hospitals, 
dispensaries and asylums, and the provision for medical education, 
together with public health, sanitation and vital statistics, with 
certain reservations, to nominated ministers. Extra-provincial, 
inter-provincial and international matters, together with legisla- 
tion for the control of epidemics were reserved by the Central 
Goveniment. 
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By this time, informed public opinion began to demand 
more expenditure on public health. In spite of this demand, 
nothing more than a skeleton staff could be employed — ^being 
too inadequate for dealing with large populations and areas 
entrusted to them. For example, in Bengal, a Health Officer 
was put in charge of a district and a Sanitary Inspector with a 
Health Assistant and a Vaccinator was posted to each thana 
(1927). In most areas, the latter were expected to look after a 
population of 60,000 or more, living in 170 villages spread over 
an area of 80 square miles or more. In some areas, the same 
staff were expected to look after 120,000 people, living in some 
800 villages covermg 400 square miles. 

Measures for the improvement of hygiene in industrial 
areas began to be taken since 1911 — Indian Factories Act (1911), 
Indian Mines Act (1923), Workmen’s Compensation Act (1923), 
Bombay Maternity Benefit Act (1929), Tea Districts Emigrant 
Labour Act (1932) and Employment of Children Act (1933). 
In spite of these, occupational hygiene is still a neglected subject 
in the Health Departments of the provinces. The Royal 
Commission on Labour (1931) recommended quite a number of 
public health reforms in labour areas and the co-operation of the 
League of Nations also stimulated the progress to some extent. 
Provincial Mimicipal Acts passed during this period, aimed at 
improving the sanitary condition of raiuiicipal areas but they 
have hardly developed any successful methodology of work and 
their administration is, in a large majority of cases, extremely 
defective. Legislation against food adulteration came in 
1918-19. Attempts have been made to stimulate maternity 
and child welfare work since the beginning of the century by 
various non-official and official organizations by offering facilities 
for the training of medical and auxiliary personnel and for 
research. The maternal and infant mortality is still appalling. 

Since the Indian Medictil Service has until lately been 
responsible for looking after the curative and preventive aspects 
of public health in India, it will bo noticed that many measures 
which were undertaken in India from time to time were but 
poor imitations of what was being done in England. Most of 
the public health expenditure has been made in urban areas, 
while rural health has been severely neglected. From a con- 
sideration of various factors, we are of the opinion that 
India stands now, from the public health point of view, where 
Great Britain stood 100 years ago, U.S.A. stood 75 years ago and 
wiiere Russia stood before the Revolution. 

Although 90% of India’s population are still illiterate, 
various socio-economic and political factors helped them to 
demand public health reforms. The extension of franchise by 
the grant of Provincial Autonomy in 1935 has created a demand 
for social welfare in the modern sense and various Provincial 
Governments are seriously considering the planning of public 
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health and social welfare in their respective territories. The 
Crovemment of Madras is the only Provincial Government which 
has passed a Consolidated Public Health Act (1939). 

Any public health planning which is not based on sound 
scientific and proven principles is bound to fail. On the thresh- 
hold of further political and social progress in India, it may 
be useful to consider its various implications in their proper 
perspective. This is the only apology I have to offer for taking 
up the present theme for my Presidential Address. 

The socio-boonomic position and its ebpeboussions on 
Public Health 

In considering the present public health position in India, 
one must remember that India is larger than Europe minus 
Russia; that she has 9 times the population of England and 
Wales and that her population has increased by over 250 millions 
within the last 90 ye^irs; that 90% of her population is rural in 
contrast to 20% in England, 47% in Canada and 50% in Japan; 
that 71% of the population are engaged in agriculture and that 
only 1% arc employed in industries; that over 90% of the 
population is illiterate and that some of the social and religious 
customs are not conducive to good health. The urban population 
of British India amounts to 25 millions, out of a total of 350 
millions. 

The average per capita annual income in British India is 
£4-7s. or l/lSth of that in England and l/18th of that in U.S.A. 
(Findlay Shirras). The monthly income per head, therefore, 
comes to about Rs.5, but the rural population earns less — ^Ks.39 
per capita per annum or Rs.3-4 per month. From this, the 
average rural inhabitant has to provide himself with food, 
clothing and housing, pay the land revenue and very often interest 
on his loans for buying live-stock, seed, manure and other 
necessities. The quantity of arable land pt^r person is too small 
and the quality of cattle too poor to provide him with the 
minimum requirements of a healthy life, while he cannot afford 
to improve the gradually impoverished soil. Underfeeding and 
imbalanced food necessarily reacts on the physique resulting in 
preventible sickness and lack of stamina. Dr. Ayhroyd estimates 
that a minimum expenditure of Rs.5 to Rs.G per capita per 
month is needed to provide an adult with minimum balanced 
nourishment. The percentage of taxation to national income 
in India is 10*1, in contrast to 8*7 in Switzerland, 9*5 in Canada, 
13*3 in Australia and 25*6 in the United Kingdom. 

The inhabitants of British India are stated to enjoy the 
briefest span of life, viz. 23 years, in contrast to Sweden’s 62 years, 
Britain’s 60 years, Germany’s 58 years, Italy’s 45 years and 
Japan’s 45 years. The crude birth-rate per 1,000 in India is 
34-5 (1937). The crude mortality rate per thousand in British 
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India (1937) is 224, as compared with 124 in England and Wales, 
17-5 in Japan, 18-8 in Netherlands East Indies and 18-9 in 
Palestine. Of the 6-1 million annual deaths in British India 
(1937), fevers (in which are included malaria, enteric, kala-azar, 
tuberculosis, etc.) account for 58%, dysentery, diarrhoea and 
cholera together for 7*3%, respiratory diseases for 8%, infantile 
mortality for 24*8%, smallpox for 1% and plague for 0*5%. 
Infectious diseases like cholera, plague and snxallpox, which have 
been almost entirely banished from the Western countries and 
Japan, still take as annual toll of 99,000, 28,000 and 55,000 lives 
respectively. The rate of decline in mortality from the diseases 
and from the vaguely defined category of fevers has been 
extremely slow, while in some cases, e.g. respiratory diseases, 
there has been a gradual increase. Child mortality rates at 
different age periods are from 3~5 times higher in India than in 
England. For the whole period 0-10 years, the death rate 
among children in India is 4 times as high as in England. 
Maternal mortality due to child-bearing exacts a toll of 4-5 
times than in Western countries, 20% of the deaths being due 
to anaemia which accounts for a negligible fraction of deaths 
(0*05%) in England. 80-90% of these deaths are, therefore, 
preventible. It is estimated that about 30% or 3 million women 
are permanently or temi)orarily disabled in India as a result of 
pregnancy or labour every year. There are 150,000 lepers in 
India and over 2 million persons (40-70% of the population 
in some areas) are estimated to be infected with hookworm. 

If the English death rate obtained in India to-day, there 
would have 2,766,049 fewer annual deaths (males — 58, females — 
60), and the expectation of life would be 60, instead of the present 
23 years. The sickness rate in England, entailing incapacity for 
work is 2% of the population. Even if we take the rate as 4% 
in India, the number of people constantly sick would be some- 
where near 11 millions, chiefly through lack of medical protection. 
No work has yet been done in India to indicate the sickness rate 
in the general population. The sickness rate among the British 
troops in India is, however, 12 times, while that among the 
Indian troops is 10 times that of the death rate. If this basis 
of calculation is taken, the amount of sickness in the general 
population and the consequent economic loss due to loss of 
wages would be enormous. 

Of the 6,500 curative institutions, 3,000 hospitals with 
95,000 beds and 3,500 out-patient dispensaries are attending to 
35 million new and old patients annually. 925 of these institu- 
tions are voluntary, the rest managed or aided by the State. Of 
6,407 medical officers who are manning these institutions, 220 ai^ 
I.M.S. Officers occupying the senior posts, involving an annual 
expenditure in pay and allowances, excluding pensions charges, 
of about Rs.60 lakhs; 41 are non-I.M.S. Europeans, 740 are 
missionaries; 105 are military assistant surgeons, 1,054 are Civil 
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assistant surgeons and the rest licentiates or sub-assistant 
surgeons. The number of doctors employed in public health 
duties is 1,206 or l/5th of that employed on curative services, 
of which only 217 possess public health qualifications. A little 
over 50% of the 247 districts employ a Medical Officer of Health, 
the rest still remain unprovided with. This is also very unevenly 
distributed. Over 50% of the total budget (curative and pre- 
ventive medicine) is consumed by the medictil staff. The total 
number of registered doctors is 42,000. The number of students 
who qualified in 1936-37 wore 965, of whom 100 were women. 
About 12,000 medical students are receiving instructions in the 
year. There are 3,697 nurses in India, of whom only 211 are 
employed in rural areas. 

The average area served by each hospital or dispensary 
varies from 24 sq. miles (Delhi) to 1,327 sq. miles (Baluchistan) 
and the average population served by each of these institutions 
varies from 11,305 in Baluchistan to 81,087 in U.P. The per 
capita expenditure on medical relief varies from one anna in U.P. 
to Rs. 1-2-5 pies in Delhi. The expenditure in urban areas is 
nearly three times that in rural areas. 

No planning for the health uplift of a community is possible 
without a consideration of the topography, soil study and the 
raising of food, weather conditions, population (men and cattle), 
water-supply, drainage, industry, education and economic and 
cultural backgrounds of the community. A survey of these 
factors is necessary before any planning is undertaken. It will 
be found that, in most spheres, the deviation from physiological 
health is related to problems connected with housing, clothing, 
physical cleanliness, drinkiiig-w^aU^r supplies, disposal of sewage, 
household refuse and manure, and the contamination and 
poverty of foodstuffs. The backwardness of India in the projier 
evolution of public health must be accounted for either by the 
progi'ess of science not being apjjlied to the prevention of disease 
as it has been done in advanced countries or to a wTong application 
of the same. Befon^ we proceed to suggest recommendations, 
it is necessary to ascertain the causes of the lag in India and how 
they can be remedied. 

Causes of the lag between science and its applications in 

THE IMPKOVEMENT OF PUBLIC HeALTH IN INDIA AND 
SOME SUGGESTIONS FOR THEIR REMOVAL 

1. Absence of any national health policy. 

As has been pointed out before, in England there has been 
a persistent endeavour to apply the knowledge gained from the 
discoveries of the medical sciences, in the course of the past 
100 years, to the social, educational, economic and hygienic 
well-being of her citizens. The advent of the British rule in 
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India coincided with the differentiation of science and its resultant 
industrialization in Europe. Instead of a continuous drive 
towards medical protection, health education and the provision 
of environmental services as in England, the administration 
in India showed a laissez-faire and vacillating policy. The 
medical and sanitary administration was bossed over by a Civil 
Service whose chief concern was to govern and to maintain 
law and order, without any perspective towards a co-ordinated 
development of the social services, such as education, agriculture, 
co-operation, public health, etc. Most of the personnel of these 
services appointed to look after the medical, public health^ and 
social services had no specialized training in the particular 
branches of the craft and hence there was little desire in them 
to utilize the scientific knowledge and discoveries of the times 
towards the betterment of the health and physical well-being of 
the population. 

The medical personnel responsible for guiding the policy 
or for administration came and still comes from a highly paid 
service which has been primarily meant for the Army. Here also 
special technical knowledge and training were not considered 
to be the criteria for appointment in a particular post carrying a 
particular object, with the result that a man who began, for 
example, as a teacher of Anatomy was considered competent 
to be successively appointed a Divisional Surgeon, a Port Health 
Officer, a Radiologist, a Teacher of Medicine and so on. This 
principle is still being followed in the Imperial and Provincial 
Medical Services to the great detriment of the working machinery. 
The continuance of this system even in the 20th century when it is 
realized that medical progress cannot be possible without special 
training and competency accounts for a large measure of back- 
wardness in medical and public health planning in India. This 
is the reason why Research and Medical and Public Health 
education 83 years after the establishment of the Universities 
in India are still hopelessly backward, as compared with other 
progressive countries. It is not my purpose here to underrate 
the excellent services rendered by the research workers and 
administrators of the previous generation who introduced Western 
medical science into this country and developed it, but there 
is no technical justification for its continuance in the present 
century, when there is a sufficient number of highly trained 
technical workers available in the country who can replace the 
superior services entirely without any loss of efficiency and 
run the organization at much less cost. In fact, the whole 
system of administration needs to be remodelled to suit the new 
conditions and requirements. 

It has been pointed that there was hardly any public health 
policy until the reforms of 1919 and 1935, These reforms have 
no doubt stimulated a desire for progress but it is being hampered 
by the lack of a planned programme and policy, a hopelessly 
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inadequate amount being earmarked for medical relief and social 
services (vide histograzu below), by the continuance of a top-heavy 


Hiatogtam sho^ng so^ ExpendUure in pereentagea of 

revenue in Bntiah India {Central and Provincial) and England, 

Wales and Scotland, 

1938-1939, 



NaB , — ^No comparison has been made of figures relating to India with 
those of England and Wales in other fields of governmental 
activity, for the administrative set-up is so different in the two 
countries that they are not comparable. 


administration without efficiently trained technical personnel 
and by the poverty of ideas in the administrators themselves. 
There is still considerable lack of co-ordination among the various 
19 
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interdependent branches of administration which are concerned 
with a forward health x)olioy and social progress of the population. 
Administrative procedures are often applied which are not based 
upon sound economic considerations and financial budgeting 
within the economic means of the population. The lesult has 
been that although some fzagmentoy public health measures 
have been undertaken in urban areas, the rural population has 
been hopelessly neglected, with the result that the villager in 
India to-day is no more benefited by modern science than his 
forefathers before the advent of the British rule. 

2. Violation of the essential principles of sound public health 
administration, 

India’s lag in the utilization of science for the medical 
protection of her citizens through organized community effort 
is due chiefly to the absence of any national policy based upon 
defined principles. In most cases, all the six principles enunciated 
on pages (10) and (11) have been violated. The backwardness 
of India in health matters does not seem to be due so much to 
economic causes, ignorance or lack of medical facilities as to the 
lack of efficient public health and medical organization based 
upon the investigation of the most effective and economic 
methods of applying the results of scientific knowledge to the 
requirements of large units of population. It is true that Great 
Britain spends Rs.l5 (1931) and U.S.A. spends Es.30 (1932) per 
capita on medical and public health protection, but a com- 
paratively much better result has been obtained in improving 
the situation in the Dutch East Indies with a pei capita expendi- 
ture of 4*8 annas and in the Philippines with a per capita expendi- 
ture of 5*26 annas, in comparison with India’s 3-5 annas (1931). 
For example, with a staff of 2,523 vaccinators (excluding Calcutta 
with 66 vaccinators) in Bengal, where Jennerian Vaccination was 
introduced as far back as 1803 (first in Asia) deaths from smallpox 
during the last ten years have numbered 166,000 {vide diagram 
below) , whereas with a staff of only 1 50 vaccinators in J ava, which 
has a comparable topography and population, the total deaths^ 
mostly from imported cases, have been limited to 9 during the 
same period. It is further claimed in official reports in Bengal that 
during the ten years 1929-1938 over 8% of the population were 
successfully vaccinated every year at a cost of 1 anna 10 pies per 
head. The evidence depicted on the diagram can only point to 
one thing, viz. a wastage of time and funds, in spite of a large 
staff, chiefly due to defective methodology, supervision and 
control. Similarly, lack of co-ordination between the water- 
tight departments of Irrigation, Railways and Roads and 
Public Health is responsible for a large percentage of India’s 
15 million annual deaths from man-n^e malaria. Take the 
case of nutrition again; when the health authorities detect 
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malnutrition and deficiency diseases in a group of population, the 
remedy will lie with a co-ordination of efforts of the Communica- 
tions, Agriculture, Animal Husbandry and Co-operative depart- 
ments but none of them has yet carried science to the door of 
the lyot as in Java, Philippines or Japan. In the absence of 
such co-ordination, the ill-health continues and remains uncor- 
rected. This is because India has not yet developed adequate 
knowledge of successful methodology and its community utiliza- 
tion and because public opinion is not properly educated, with 
the result that inefficient methodology has resulted in uneconomic 
and inefficient administration leading to w^astage of funds w^hich 
could better be applied to other fields. Before co-ordination can 
be of value, the fields to be co-ordinated must have the necessary 
technical content to apply known knowledge for a common 
purpose to groups of population. 

Thus it seems that lack of a scientific outlook and an inade- 
quate investigation by the administrative authorities in 
developing suitable methods of organization and the lack of a 
policy to include both urban and rural populations in a cognate 
whole as regards planning have been more responsible for her 
present backwardness than anything else. All scientific fields 
are governed by determinable law's, or else they are not scientific. 
It is of the utmost importance, therefore, that this country 
should make a general survey of the state of public health 
and of its health equipment, evolve a methodology of approach 
by carrjdng out sample experiments in different areas to under- 
stand the reciprocal co-ordination between the inter-related 
departments and its financial implications and, based on such 
findings, construct a coherent plan for a medico-social policy, 
fixing, year by year, the stage to be reached and securing the 
financial resources, in cash and/or kind, and trained personnel 
required for the purpose. 

I shall cite a recent example from China (1934) when she 
was faced with developing methods within her economic resources. 
The help of the Peking Union Medical College was secured in 
developing the methodology of School Health on two economic 
standards. An ‘A’ service to demonstrate technical measures 
common in the West was provided entirely through cash 
purchase at a cost of 2*41 Chinese dollars (s=s R8.2-6-6) per school 
child per annum. This, however, was impracticable of extension 
under Chinese economic conditions. Consequently, a ‘B* 
service was developed at 64 cents (= lOas. 3p.) per school child 
per annum, which was economic^ly practicable. The latter 
programme was developed on the basis that the essential measures 
should be undertaken by the voluntary effort of the teachers 
and pupils themselves and that cash purchase should be limited 
to provision of supplies and of technical supervision by the 
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medioal officer and the school nurse. This applied to each of 
the three administrative sections, viz. Sanitation, Medical 
Service and Health Education. The practical essentials were 
water and sanitary toilets in Sanitation; routine appraisal 
measures of the individual pupil’s health and prophylactic 
vaccinations under Medical Service, together with the correction 
of gross remediable deff^cts; and the integration of healthful 
living and of health knowhidge with actual living of the pupil 
in Health Education. It was shown that responsibility for the 
bulk of routine for the School Health Service could be placed 
upon the teachers and the pupils, provided two essentials were 
adhered to, viz. participative training of the teachers at a 
Dc^monstration Centre or a Science Institute and provision of 
adequate supervision of the established routine by the medical 
officer and the nurse. Thus it was possible to undertake the 
bulk of the essentials of a School Health Service through local 
voluntary eflbrt, instead of cash purchase which was made 
available for technical supervision and medical supplies. This 
principle can easily be applied in India in many departments of 
public health where a complete cash purchase is not possible 
at the present moment, by securing the co-operation of the 
inter-related sections of social services. 

If Great Britain can spend 18-2% of the revenue for education 
and 22-7% for medical protection, India shoidd be ashamed to 
spend the insignificant percentage of 8*4% and 34% respectively 
of the revenut* on these heads. Agriculture and Animal 
Husbandry may be l(*ss important in highly industrialized Great 
Britain, but it is of such vital importance to the health and lif e of 
the chiefly agricultural Indian population that a paltry expendi- 
ture of 1 - 7% of the revenue is scandalous. Rural hygiene, at least 
in its j>eripheral units, must be treated as a co-ordinated part 
of Rural Reconstruction, because rural health is very intimately 
bound up with the other economic and social factors pertaining 
to the improvement of the socio-economic status. Thus the 
departments of industries, irrigation, fisheries, co-operation and 
communications actively co-operate in other countries, uith the 
public health programme in raising the stature of total health. 
It is a matter of great regret that these departments have 
hitherto failed to secure the necessary help and co-ordination in 
India. A national effort requires the pooling of all the available 
resources of the nation. The failure^ of such an effort has 
resulted in the neglect of proper drainage of the soil and the 
resultant creation of man-made malaria and in the development 
of communications without due regard to the requirements of 
marketing of agricultural produce and of the supply of medical 
aid to rural areas. It will thus be seen that, in national planning, 
any departmental planning must form an organic part of the 
total requirements. 
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In the maintenance of health, the State must provide 
for a social machinery to assure living standards adequate for 
the purpose. This refers to the improvement of economic 
status, nutrition, housing, physical fitness and recreation, 
co-ordinated with education and social assistance. Hardly any 
system of social assistance has been developed in India. Social 
assistance includes old age and invalidity pensions, compensation 
for physical injury or disease in the course of work, sickness 
benefit, unemployment benefit, etc. It must be remembered 
that in Great Britain, the National Health Insurance Scheme, 
which provides for medical assistance and other benefits in cash 
or kind to over 15,000,000 people between the ages of 16 and 70 
years, is the largest health service outside the activities of the 
local bodies, which assume much more inclusive public health 
and social protection than in India. Prevention of disease 
includes impersonal services like food and drugs control, water- 
supplies, sewage disposal, etc., and the control of communicable 
diseases. The necessity for medical relief comes in where the 
efforts of the State to maintain the health and to prevent diseases 
have failed. As such, curative medicine should occupy a com- 
paratively small place in the national health programme. This 
includes personal services, such as maternity and child welfare, 
school health and occupational hygiene and the institutions for 
the early diagnosis and preventive treatment of diseases — 
hospitals, convalescent homes, sanatoria and work colonies, 
dispensaries and peripheral health centres. Unless the Indian 
administration views at public health from this angle, the lag 
cannot be made up. 

3. Backwardness of, and lack of methodology in, edvcaiion. 

Sir George Newman (1939) has said that ‘National health — 
in every country in the world, everywhere, and all the time — 
depends upon first the knowledge of science or art of medicine 
discovered, tested, verified, proved and then upon its social 
application by the medical practitioner, by the State, and by 
the people of that State. Without that knowledge, there is no 
knowing, without that application there is no going'. The better 
application of this knowledge by the State and its wider usage 
by an educated and disciplined people is now recognized to be 
essential to ensure co-operation with any health scheme and to 
build up an efficient and healthy people. The lack of an aim 
and methodology in general education has resulted in wastage of 
effort and achievement of results in obtaining the necessary 
scientific outlook and in the intelligent participation and practices 
in social fields. Science is taught in a perfunctory manner in 
schools and the pupils seldom practise health and participate in 
public health activities. There is not a single official school 
nurse throughout India, whereas England employs 5,413. In the 
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same ratio, India would need 38,017. How can one expect to 
achieve results in India, if only 8-4% of the revenue, in comparison 
with Great Britain’s 18-2% is spent for education and when 
teachers are not properly trained in the participation of public 
health work even for the school population, not to speak of the 
general population ? A thorough overhaul of the general 
educational system has got to be fitted into the map of national 
planning. 

4. Defects in the training and supply of technical personnel. 

State Medicine has been defined as ‘the rendering available 
for every member of the community, irrespective of any necessary 
relationship to the conditions of individual payment of all the 
potentialities of preventive and curative medicine’. The next in 
order of importance in health planning after developing the 
methodology is to train the appropriate categories of personnel 
in order to put into efiect the methods for the whole population. 
The quality of medical care dejjends upon an intelligent inter- 
pretation of the correlation of scientific knowledge in its 
application to the needs of the individual. Tliis can be accom- 
plished only by trained and experienced persoimel who realize 
the significance of that knowledge and have the discriminating 
judgment necessary for its proper use. 

While continued endeavours have been made in Great 
Britain and other advanced countries since the early years of 
the present C/entury to improve and adapt medical education to 
the needs of the changing socio-economic problems, the metho- 
dology of education in India has hardly kept pace with the 
changing environment and requirements. 

The chief medical worker is the physician. He puts the 
teaching of medical science into practice and loads the people 
in their fight against disease and towards a healthier and more 
jo3rful life. Tlie training of medical pe^rsonnel, therefore, is an 
important matter in mobilizing them — ^for the type of service 
needed. Twenty-five years ago the medical curriculum in all 
civilized countries was directed to the study of morbidity ; to-day 
the basic line is physiological. Medicine is now developing more 
and more into applied physiology. The new British medical 
curriculum (1938) has shifted the centre of gravity of medical 
educ^ation from the study of disease to the study of human health 
as the primary business of the student and has emphasized that 
a starting point for a medical course is not disease but health. 
The General Medical Council desired that ‘(1) throughout the 
whole period of study the education of the student should be 
directed by his teachers (a) to the im|K)rtance of the measures 
by which normal health may be assessed and maintained, and (6) 
to the principles and practice of the prevention of disease; (2) 
instruction in normal reactions of the body to injury and infection, 
as an introduction to general pathology’. The Indian Medical 
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Council (1933) has also laid down ‘that throughout the whole 
period of study the attention of the student should be directed 
by his teachers to the importance of the preventive aspects of 
medicine, and of measures for the assessment of normal health 
The ideas expressed above seem to be identical but their applica- 
tion is different, for none of the teaching medical institutions in 
India has so far put this principle into practice. In fact, the 
training imparted in this country seems to be exotic in character 
based on English methods and has frequently no bearing on the 
needs of the country or of a consistent public health policy. 
It is only a bad imitation of what is done in Europe. 

Where medicine is so integral a part of the general life of 
the nation, the social sciences must be given a large place in the 
curriculum. A case of illness is to be discussed not only from the 
clinical or pathological point of view but in all its complexity 
including the social and economic factors involved. Thus 
sociology is coming more and more to the forefront in its mani- 
fold relationship to private and public medicine, to jK^rsonal 
hygiene, to national health, to social and individual psychology, 
to the economic structure of the society and to public health 
administration. Unless the student realizes, during his pt^riod of 
training, that a knowledge of chemical, physical and biological 
phenomena of disease and of a grasp of tlie social and economic 
factors which influence the methods of dealing with sickness and 
prevention of disease are only tools which are^ being placed in his 
hands for service, he cannot be expected to be a useful doctor 
for the country. Health should mean more than the absence of 
disease; the spreading of disease should, therefore, become a 
social offence. 

Sir George Newman’s idea of a modern practitioner is that 
‘he should possess a preventive appreciation towards the wide 
field of prevention in general midwifery and surgery and that 
he should have a commmiity consciousness and specific knowdedge 
of the statutory obligations that he may possess ’. If preventive 
medicine has to have a pervading influence in all parts of the 
curriculum, how is this to be imparted in the successive stages ? 
From the very beginning the teaching of the clinical and non- 
clinical subjects may be brought closer together in their applied 
and public health aspects. It is not possible to introduce this 
imless the teachers themselves appreciate its importance and 
willingly co-operate in making it a success. So far as public 
health was concerned, the Peking Union Medical College in China 
tried an experiment (1934), which is worthy of consideration. 
As clinical clerkships are given to students in the hospitals to 
get an insight into the causation and pathology of diseases, in 
like manner public health clerkships were given to students for a 
couple of months at a Health Centre working in collaboration 
with the regional hospital. The students studied the cases in 
the field in all their clinical, epidemiological and social bearings 
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and control, and actually participated in the methods of applica- 
tion of public health i)rocedure8. This helped to remove the 
idea from the minds of the students that they had to deal with 
curative medicine alone in the hospital, as also after passing 
out. A close co-operation between the clinical and public health 
group of teachers and an arrangement for joint teaching were 
secured. It was found that when the students understood the 
epidemiological and social implications of disease or failure of 
health, both in urban and rural areas, they were more inclined 
to settle down in rural areas and thus began to render more 
useful service to the nation than in the past. This (‘Permeation ') 
experiment of public health clerkship might be tried in India 
not only to re-orientate medical teaching but also to encourage 
students to work in rural areas. Or, an experiment which was 
tried in Russia might be t ried here, viz. of selecting students for 
admission into the medical schools and colleges from the areas 
where national health planning needed their st^rvices. Free- 
studentships and scholarships were offered to such students in 
Russia on condition that they practised in rural areas for three 
yeais. This is an alternative method by which the disproportion 
bt‘twt^en the distribution of qualified doctors in urban and rural 
aieas ma\' be remedied. Once in three years, such doctors were 
required to undergo post-graduate instruction at the cost of the 
State, not only to stimulate the doctors thereby to contribute to 
advaru^es in medical science but to assist them to place the new 
knowledge gathered at the disix)sal of the social, economic and 
communal needs of the society — nutrition, immunization, health 
education, physiological assessment, physical and mental 
welfare, etc. 

The problem in India to-day is how to remedy thi», 
lag bet we m scientific progress and its application to the benefit 
of the individual and the community, how to adapt our medical 
education to the needs of the changing socio-economic and 
political environment and how to train the necessary teclmical 
personnel for carrying out the national health programme and 
to supervise its various units. Let us try to estimate the number 
of doctors — institutional and public health — ^nurses, midwives, 
dais^ dentists, pharmacists, sanitary inspectors, dressers, health 
assistants and publicity officers needed for an organization 
visualized as above. 

We need three types of doctors — (1) practitioners for 
therapeutics (medicine and surgery) and general prophylactic 
workers, (2) public health physicians, and (3) specialists for the 
protection of mother and child. These may be considered as the 
officers in the army engaged in fighting disease but like every 
army the medical corps requires a large number of non- 
commissioned officers, such as nurses and technicians, without 
whom medicine will not fulfil its task. Health assistants, 
sanitary inspectors, midwives, laboratory technicians, dentists, 
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pharmacists’ assistants, etc., may be included in the latter 
category. We need also an accessory type of personnel which 
consists of orderlies, hospital employees, ambulance drivers, etc. 
Lastly, the role of voluntary workers — ^men and women, boys and 
girls — affiliated to some social service organization should not be 
underestimated. The education and training of each of these 
categories of ];)ersonnel have to be attended to in its theoretical 
and practical aspects. 

There are 600,000 villages in India and, if we have to supply 
a qualified doctor, with public health qualifications, to a group 
of say 3 villages, we shall require 200,000 trained physicians 
to man the peripheral units of the rural medical relief cum 
public health organization. Besides these, we need better 
trained workers for the purpose of supervision or for supplying 
service which requires specialized knowledge and skill. Assuming 
that 10% of the total personnel would be engaged in supervision 
work, we need 20,000 supervisors. Besides these, specialized 
service may require another 10,000 highly skilled doctors. This 
means that if we are to reconstruct public health on a new 
basis. Me should require at least 230,000 trained doctors of 
different categories. As a result of scientific medical training in 
India for the last 100 years the number of qualified practitioners 
is to-day only 42,000. If we have to go on at this rate it will 
take for us another 1 60 years to get the required number. Russia 
was faced after the revolution with the same problem. She was 
therefore compelled to quickly increase the number of medical 
students to get the required number of physicians. Between 
1913 and 1933 the increase was 4 times. In 1913 the number of 
qualified doctors was 19,785, in 1924 it was 33,000 and it now 
exceeds 110,000. The training of other categories of personnel, 
which Mill run into several thousands, will also have to be 
thought of in terms of the developing needs of the situation 
in a given area. 

Medical education will have, therefore, to be thoroughly 
reorganized and adapted to the new requirements. Social 
science must be given an adequate importance in the curriculum. 
It will not suffice for the student to get his training in the 
hospital wards alone but it should be extended to community 
fields, in order to give him an idea of the applicability of medical 
knowledge tow'ards the maintenance of health and prevention of 
disease in the community. The university should not only 
arrange to train the necessary personnel but also help in evolving 
practical methods of solving the various problems and to extend 
those methods to the community. The appointment of a Chair 
of Medical Sociology and one of History of Medicine seems to be 
an urgent initial step. 

As in medical relief so in public health, we should have 
field demonstration centres, urban and rural, in connection with 
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teaching. These will supply a student with a proper outlook 
about his responsibilities to the community, without which he is 
likely to be a misfit. It has already been said that the failure 
to establish scientific methodology in determining tools for 
community welfare is one of the chief factors responsible lor the 
present social lag throughout the world. Successful methodology 
for community utilization of knowledge within economic prac- 
ticability will also have to be taken up by the universities for 
investigation. So long as we cannot secure the required volume 
of personnel, the lag between this and the community utilization 
of knowledge can be considerably removed if we have at our 
disposal a successfully tried methodology for the application of 
public health reform and medical protection. For example, 
in spite of an insufficiency of trained personnel in Java, small- 
pox and cholera have been practically wiped out at less cost per 
capita and less staff than in India. 

It will be pertinent in this connection to think of what 
is going to happen to the indigenous systems of medicine which 
have been i)revalent in India since the ancient and mediaeval 
days. I cannot do better than quote, in this connection, the 
following extract from the Convocation Address of Sir Nilratan 
Sircar, delivt^red before the Andhra University on the 7th 
OctobiT, 1939: ‘With the establishment of provincial autonomy 
in the provinces, efforts are being made to give official recognition 
to the Ayurvedic, Unani and Homeopathic systems of medicine. 
The basic sciences of chemistry, physics, biology, physiology, 
pharmacology, j)athology and bacteriology are the same all over 
the world. The present tendency to register practitioners of 
various so-called systems of medicine, lacking systematic scientific 
training of any sort, is a move in the wrong direction. Wo do 
not call a barrister or an advocate now practising in India 
according to communal denominations. Science is progressive 
and must bo the same throughout the world. The criterion of 
the right of a doctor to medical practice, or to the privilege of 
registration, must dcpimd on the basic knowledge he possesses 
of the fundamental sciences of chemistry, physics, anatomy, 
physiology, pharmacology, pathology and of medicine, surgery, 
midwifery, and other cognate subjects. No system of medicine. 
Ayurvedic, Unani or any other, can get on without the help of 
modern basic sciences. There should be no spirit of com- 
munalism or opportunism of falser economy concerning matters 
of life and death of millions of ignorant and helpless villagers 
whom we have failed to educate or elevate. The question of 
prevention of epidemic diseases cannot be successfully solved, 
unless scientific methods of proved efficiency are adopted. How 
can we apply all the different systems of medicine towards the 
end? The proj)er move should be to have only one medical 
science which has been worked out by the scientists all over the 
world, incorporating into it whatever good there may be in the 
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indigenous medical sciences of the country. If this is done 
there will be only one medical register in the country which 
should facilitate the control of medical relief and sanitation 
for the entire population. It is for this reason that I am com- 
pelled to discourage the teaching of the so-called medical systems^ 
without the help of the basic sciences. If India is to achieve 
her place among the first rank nations of the world, she must 
advance with the help of modern sciences and she must dis- 
courage retrograde measures of the sort that are being encouraged 
in some of the provinces, without forethought and imagination. 

6. Research and public health progress. 

Medical and Veterinary Research in India has been.shabbily 
treated and badly organized. Researches have been carried out 
on many diseases in India but very few of them have been 
undertaken to solve specific health problems and, even when the 
results of such investigations have been made known, there has 
been little attempt to apply them into practice. For example, 
the Plague Commission of 1895 carried out excellent investiga- 
tions into the epidemiology of plague; still 31 years after the 
publication of the report plague caused 28,169 deaths in one 
year (1937) and the Public Health Commissioner for India 
opined that unless cheap designs for rat -proof houses could be 
designed, as in Java, for rural areas, w^here 92% of the deaths 
occurred, the prevention of plague could not be effected. How 
is it that in one country the lag between knowledge and its 
application (Java) has been overcome and not in the other 
(India) ? Likewise the Public Health Commissioner notes 
(1937), with regard to cholera, that ‘If every Indian village were 
provided with a protected water-supply and were to practise a 
sanitary method for the disposal of refuse and night-soil there 
would undoubtedly follow a marked and permanent reduction 
in the incidence of bowel diseases, such as cholera, dysentery, 
diarrhoea and typhoid, whilst guinea-worm infection, which 
causes a large amount of suffering and incapacitation, would also 
be suppressed ’ . The installation of tube- wells has been suggested 
as a remedy. Further, it is noted that only 13% of towns 
with a population below 30,000, 56% having a population between 
30-50,000 and 78% having a population of over 50,000 have a 
piped water-supply. The number of villages with protected 
water-supply is stated to be negligible. These diseases caused 
nearly 500,000 deaths in the year 1937. If only a fraction of the 
economic loss consequent on death and invalidity from these 
diseases could be spent in adopting methods which were developed 
by field research, this unnecessary wastage of human life could 
be prevented. But the lag could not be removed here, as 
elsewhere, owing to inadequate investigation and the adoption 
of a bold public health policy. A similar lag is noticeable in 
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the conservation of animal health in the interests of human 
health. It is needless to emphasize the importance of field 
enquiries in a country which is chiefly agricultural and where 
every variety of soil, climate, race, diet and habits is prevalent. 
The ixnivc^rsities and their aifiliated medical institutions have 
neglected to encourag(^ applied medical research and have failed 
to keep a living contact with the needs of the country. A 
thorough reorganization of the educational system, particularly 
in its scientific aspects, is urgently called for. 

Researches should be centralized in order to ensure 
co-ordination and avoid overlapping. The provinces may take 
up local problems, while the centre may take up problems of an 
all -India character for inv(‘stigation. This necessitates careful 
planning and co-ordination of various schemes of research in all 
branches of science, whether pure or applied. Pure scientific 
research is as essential as that sjjecifically devoted to the attain- 
ment of any medical, public health or industrial object. The 
detailed planning of rese,arch must be in the hands of those 
with the necessary 8{)ecialized knowledge and they must be able 
to act without suspicion of political or racial influence. The 
fonnation of a National Reseai’ch Council for India is overdue. 
With a view to harnessing science in the service of man, it is 
necessary to explore ways and means for extending the existing 
machinery" of scientific education in the countr}% from the school 
to the university stage, develop applied scientific training and 
research, and, finally, to see that such research is undertaken with 
a definite end in view and not outside the ambit of planning 
for public hejilth. The most useful investigation at the present 
moment should be directed to the extension of medical knowledge 
for actual utilization by the villager. The universities in India 
have hitherto failed to fulfil their research function, because of 
the service organization and of the multifarious obligations of 
the workers in affiliated medical institutions. 

Hardly any investigations have been carried out in India 
on ()cc 2 tj)aiional hygiene. Industrial medical research can be 
divided into tw'o categories: — (1) physiological research con- 
cerned with the study of the effect of environment and of 
occupation of the individual and (2) the organized application 
of science to the population in providing standards of medical 
protection for the maintenance of health and cure of disease and 
thereby increasing the output and widfare of labour. It is 
necessary for this purpose to organize fundamental *pm*e’ 
research at central or university laboratories and ‘applied’ 
research in the industry itself, thus establishing a channel of 
communication between fundamental science and its application. 
Industrial medical research is successful in proportion to its 
(^o-ordination with the national planned organization of science. 
This visualizes a horizontal all-India scientific planning organiza- 
tion, constituted as part of national economy from which various 
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special vertical functions would be derived, of which one would 
be industrial scientific research with a specific division for 
Medical, in so far as it relates to problems arising from the 
human factors of production. 

Apart from research, the economic implications of health 
protection of the worker needs the development of a well- 
planned system of social insuraru^. The system of social 
insurance differs, as regards its thoroughness of protection and 
organization in different countries; it is more thorough in Soviet 
Russia than in the Western European countries. Before India 
wishes to adopt any one system, it is necessary to study the 
methodology of its applications in the field. This will save 
unnecessary complications and wastage of efforts in future. 

Having devoted the first eleven years of my career to the 
bacteriology, pathology and clinical investigations of a number 
of human diseases, I realized the close relationships of social 
science to research when I took up tuberculosis as my object of 
study fourteen years ago. I got the first insight into the problem 
by a study of the epidemiology and pathology of the disease. 
Although some bacteriologicaJ investigations were taken up, 
they were undertaken with a view to solve related but unsolved 
problems. The problem as to how tuberculosis reacts to 
industrialization in an agricultural country is now engaging our 
attention. Sinc^ tubercrdosis is a social disease, the investigation 
of the home conditions and environment of the cases cannot be 
left out of account in studying the disease. Thus I have been 
dragged from the laboratory to the ailing man, his home and 
environment, his place of work and the hazards to which he 
is exposed there, and to his habits, customs and movements. 
The study and prevention of such a disease need planning and 
team work for the elucidation of problems and extensive educa- 
tion and suitable administrative action by the State and Local 
authorities for prevention. The application of the results of 
research ought to be the duty of the people and the State. 

6. The supply of drujgs and instrumerUs. 

In spite of the fact that India abounds in all kinds of 
medicinal plants (Col. Chopra estimates the number to be 2,000) 
and in spite of the fact that many potent drugs had been used 
in India since the pre-Christian era, it is a matter of great regret 
and shame that no attention was paid to a rational and scientific 
investigation of the drug resources of India until lately by the 
Calcutta School of Tropical Medicine and still later by a few 
other centres. Although it is true that a few useful drugs have 
already been found, out of nearly 200 medicinal plants 
investigated by Col. Chopra and his collaborators, it must not 
be forgotten that it has taken 20 years for them to tackle 1/1 0th 
of the drug resources of the plant kingdom. 
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It is estimated that approximately 90% of the population 
of India have to take recourse to the use of indigenous drugs, 
partly becjause drugs manufactured by the Western system are 
more costly and partly because no arrangement exists for the 
medicinal treatment of the rural population. 

C'ol. Chopra is credited with the statement that nearly 
three-fourths of the medicinal plants mentioned in the British and 
other pharmacopoeias grow in India in a state of nature and that 
others can be easily grown. No attempts have, however, been 
made to systematically cultivate and study Indian medicinal 
plants for supplying the population with cheap drugs for the 
treatment of so many preventible diseases in India. For 
example, take the question of the supply of quinine. In spite 
of the fact that, in the absence of more permanent methods of 
eradication of malaria, the administration of quinine is con- 
sidered to be the only feasible and economical anti-malarial 
measure in treating about 100-200 millions of the infected 
population, India produces barely 1/1 0th of her requirements of 
this drug and imports the bulk of it from Java at a higher price 
than the cost of production in India. Recent investigations have 
shown that 38,000 acres of suitable land are available in India for 
Cinchona cultivation which could yield seven times the quinine 
requh’ed for India. This is another illustration of how things 
are done in India. It is said that the cost of free distribution of 
quinine is very much higher than the price of the drug itself, the 
cost of the drug pcjr individual being only four annas and its 
free distribution costing from twelve annas to a rupee. 

The laissez-faire policy of the Government has resulted in 
the export of raw materials from India and to the import of 
finished products into this country, resulting in an economic 
drain. It would bo interesting to know that during the year 
1928-29, drugs exported from India amounted to Rs.42 la^s, 
while the figure for imports was R8.200 lakhs. Tea dusts of 
over 400 million pounds are annually exi>orted at a nominal 
price, while it comes back to us as alkaloid caffeine valued at 
Rs.6,57,600. It is understood that caffeine could be easily 
manufactured in India at competitive prices, provided the 
railway freight of tea dusts is reduced. It is reported that the 
lag here had been the unwillingness of the Tea Associations of 
India in permitting the manufacture of caffeine from waste tea 
in India. If the State had a policy to foster the development of 
manufacture of indigenous drugs, they could have easily over- 
ridden these objections of an organization with vested interests. 
The same may be said of many drugs like nux vomica, belladonna, 
castor oil, etc. 

The total consumption of drugs in India prepared by Western 
methods in 1938-39 was Rs.2, 20,53, 230, of which India produced 
roughly not more than Rs.75 lakhs worth of drugs, and to 
produce this quantity of drugs raw materials to the value of at 
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least Bs.lO lakhs had to be imported. India has to depend on 
foreign countries on the supply of basic chemicals for the 
manufacture of drugs, particularly alkaloids, organic and 
inorganic acids, coal and wood distillation products and various 
solvents used in the manufacture of synthetic drugs. Unless 
the coal distillation industry is properly organized, India will 
have to depend on foreign countries for the supply of most of 
the synthetic drugs, at a higher expenditure, which are needed 
for medical relief. 

Thus, while the output of drugs manufactured by the 
Western method is small compared with the requirements, the 
vast proportion of the people, chiefly in rural areas, are compelled 
to use indigenous drugs prepared by Vaids and Hakims, 0*1% 
of whom possess the necessary training and scientific back- 
ground. The responsibility for this widespread use of unscientific 
medicine lies in the lack of a planned programme to reach 
scientific medicine and tested drugs to the door of the humblest 
citizen. Attention should, therefore, be directed to the following 
immediate requii’ements which have been accentuated by the 
recent military blockades: (1) the manufacture of chemicals 
including solvents, (2) the production of synthetic drugs of 
known value, (3) an expansion of the investigation of Indian 
medicinal plants with a view to replace foreign drugs, including 
the study of Ayurvedic and Unani drugs and their standardization 
in known Western terms. This will be one of the means to 
supply cheap medicines to the population suited to the climatic 
conditions of the country, and (4) the cultivation of medicinal 
plants in suitable areas with a view to secure a standard yield of 
the active x>rinciples of drugs. The above investigations no 
doubt require extensive research by chemists and pharmacologists 
in close co-operation with the manufacturers. Naturally, no 
single institution is in a position to undertake this huge task. 
The Chemistry departments of various universities, the 
Pharmacology departments of the different medical colleges and 
various official and unofficial research institutes may be requested 
to take up the problem, according to a planned and co-ordinated 
programme, directed by a Central Advisory Board, consisting 
of the different categories of scientific workers, chemists, 
pharmacologists, botanists and industrialists. The State should 
come forward and take the initiative to set up the organization and 
to supply the necessary funds. As soon as the researches reach 
a certain stage, an attempt should be made to compile an Indian 
Pharmacopoeia, for without the standards laid down in such 
a publication the manufacture of the different medicinal prepara- 
tions and their standardization will be rendered difficult and 
slow. It is firmly believed by many pharmacologists, botanists 
and chemists that India can be made self-supporting as regards 
her drug requirements and that the treatment of many diseases 
could thus be provided within the means of the Indian masses. 
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whose paying capacity is unfortunately very poor, provided 
there is a national planning in this regard and provided the 
necessary co-operation and co-ordination are forthcoming 
between various Government institutions, universities and non- 
official workers engaged in similar or allied investigations. 

The remarks which apply to drug supply also applies to the 
supply of instruments. In spite of 150 years of contact with 
Europe, India has still to import most of her technical instruments 
and apparatus needed for the diagnosis, treatment and investiga- 
tion of diseases. Compare this with Soviet Russm. In 1912, 
she imported 59% of the total value of drugs used; by 1934 the 
imports wore only 3% of the total value; by 1940 she must be 
self-sufficient in this regard. By the middle of 1935, there were 
2,600 X-ray apparatus of Soviet manufacture already in use; 
quartz lamps and diathermy apparatus of home production were 
also coming to the market; the output of satisfactory surgical 
needles and syringes was reaching a high figure; and by the 
close of the same year, a suj)ply of some 850 dentists’ chairs was 
proceeding from shops established a few months ago. 

7. Financial handicaps to progress. 

Modern public health, which is an integral part of the 
social services like education, agriculture, animal husbandry, 
co-operation and industries, has to be paid for. It has already 
been pointed out that the social servict^s in India are starved at 
the expense of a top-heavy administration and a high expendi- 
ture on defence and police. The salaries iji the superior services 
in India are often 3-4 times higher than those paid in France or 
Japan. The actual amount spent on defence and police in India 
is higher than what appears superficially to the casual observer. 
For example, the pc^rcentage of revenue shown as being spent 
on defence does not include the cost of Frontier defences and 
the heavy loss on strategic railways is stated to bo shown 
under other heads. If those are included, the proportionate 
cost on defence will be much higher than what has been in 
Britain before the jnesent war, in spite of the fact that India 
hardly possesses a Navy and an Air Force. Tlie top-heavy 
administration here as elsewhere absorbs a major part of the 
budget. Similarly, 75% of the Union Board rates, at least in 
Bengal, is made to pay for the chavkidars, or peripheral police 
agents, leaving very little for putting into operation social 
welfare services in the villages. 

The percentage of revenue spent on education in Britain 
is over twice, while that on preventive and curative medicine 
is nearly 7 times of what is spent in India. The following 
comparative tables of expenditure on certain social welfare 
services in England and Wales, India and Bengal will be found 
to be illiuninating. 

20 
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OomparaHve per capita expenditure on certain eervieee in 
India and Bengal. 



India as a 
whole 
(Gentral 
€uid Pro- 
vincial 
only) 
1937-38. 

Bengal. 

Pro- 

vincial 

1030-40. 

Municipal 

1937-38. 

District 

Board 

1037-38. 


Rs. 

A. P. 

Rs. 

A. 


Rs. 

A. P. 

Rs. A. P. 

General Administration 

0 

7 6 

0 

5 

0 




Administration of Justice 

0 

3 0 

0 

3 

6 




Jails 

0 

1 3 

0 

1 

0 




Police 

0 

6 6 

0 

8 

0 



0 i 6 

Educ.ation . . 

0 

7 6 

0 

4 

6 

0 

4 0 

0 1 0 

Kepresentation in Indian 









States , . 

0 

0 6 







Audit . . * 

0 

0 6 







Tribal Areas (Defence 









from raids) 

0 

1 0 







External AfiFairs 

0 

0 3 







Medical 

0 

2 6 

0 

i 

7 

0 

3 0 

o’ 6* 9 

Public Health 

0 

1 4 

0 

1 

4 

0 

2 6 

0 0 9 

Agriculture 

0 

1 4 

0 

0 

6 




Veterinary . . 

0 

0 3 

0 

0 

1 




Industries . . 

0 

0 6 








2 

1 11 

1 

0 

6 

0 

9 6 

0 4 6 




0 

9 

6 







0 

4 

6 







2 

7 

5 





Comparative Expenditure on Social Services in England and Wales and Bengal, 


Bengal — ^Provincial, Municipal and District Board (1937-38) as compared to England and 

Wales (1935). 



Exj^enditure on 
Social Services. 

Annual per capita. 

Percentage of total 
expenditure on 
Social Services. 

Percentage of 
Social Services 
expenditure to 
total Provincial, 
Municipal and 
District Board 
expenditure 
(R8.14, 49, 59,409). 


England 

and 

Wales. 

Bengal. 

England 

and 

Wales. 

Bengal. 

England 

£Uld 

Wales. 

Bengal. 

England 
and j 
Wales. 

Bengal. 


OOO Rs. 

000 Re. 

Rs. 

Anne^. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Education 

1,41»74,40 

1,71,60 

35-5 

6 

26-25 

48 

10-70 


Medical. ^ 

i 

76,78') 




23 ^ 



Public f 

Health ) 

31,76,53 j 

i 

58,94 J 

6*6 

ul 

6-00 

J 

2-40 

■ 

Total .. 






88 


20*5 


20B 
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Provincial Expenditure on certain Social Welfare Services in Bengal, 
Bengal — Provincial, Municipal and District Board (1937-38). 



Expendi- 
ture on 
Social 
Services. 

Annual 
per capita. 

Percentage 
of total 
expendi- 
ture on 
Social 
Services. 

Percentage of 
Social Service 
expenditure to 
total 

Provincial^ 
Municipal 
and District 
Board 
expenditure 
(Rb.U,4!),60.40»>. 


000 Rs. 

Annas. 

Per cent. 

Per cent. 

Education 

1,71,60 

6 

48 

11-0 

Medical 

76,78 

n 

23 

60 

Public Health 

68,94 

li 

17 

4*6 

Agriculture 

11,63 

i 

3 

1-0 

Veterinary 

7,22 

i 

1 

0-5 

Co-operation 

11,61 

i 

3 

1-0 

Industries 

16,06 

i 

6 

1-0 

Total , . 

3,63,73 

11* 

i 

100 

240 


It will be futile to plan a co-ordinated scheme of public 
health, as has been visualized here, with such an insigni- 
ficant allocation to the social services. More money has, 
therefore, to be made available for them. There are three vxiys 
of finding out more money for the cash purchase of public 
health : (i) to make more allocations out of the existing budgets 
to the social welfare services, or (ii) to increase the income per 
capita and thereby the taxable capacity of the people, or (iii) to 
make use of both these methods. The second of these methods 
requires a thorough national planning in economic uplift and 
will probably require many years before a satisfactory result is 
achieved. Owing to the urgency of national health reform in 
India, however, it seems feasible to suggest some sources from 
where money may be made available. The first and foremost 
is the reduction in the scale of salaries in the superior services. 
A ‘Rolls Royce administration’ cannot be maintained in a 
‘bullock-cart* coimtry, and so long as the population remains 
underfed, imeducated and without the minimum requirements 
for a healthy living, a racial discrimination in the services 
is no longer tenable. In many departments of social welfare, 
the salaries of the superior staff swallows up 60-80% of the 
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total departmental budget. This is a financially unsound 
policy and should be abolished. To take the medical services 
as an example: out of 364 Indian Medical Service Officers, who 
are meant for military duty, as many as 220 are employed in the 
Civil departments in the provinces and the Centre. Their 
salaries and allowances, excluding the charges payable in pensions, 
amoimts to about Rs.60 lakhs a year, of which Rs.l6 lakhs are 
spent in England comprising leave salaries, deputation pay, 
sterling overseas allowance, etc. In Bengal, the non-voted 
expenditure on Medical and Public Health departments amounts 
to Rs.8, 73,833, of which R8.2,19,749 constitute expenditure in 
England, out of a total budget of Rs.96,56,296 (1938-39). The 
principle of employing the members of a service, liable for transfer 
to military duty, without any regard for technical competency 
and continuance of tenure, interferes with technical progress and 
throttles the extension of public health measures to large groups 
of low-income population. While not belittling the contributions 
of this service in the past, there is no technical justification for 
continuing the system in the development, distribution and 
application of scientific knowledge in a poor country like India 
any longer. If continued further, it will only act as clogs to the 
wheel of progress. The Military Assistant Surgeons, of whom 
there are 105 in Civil employ, are in a similar category. Sheer 
national necessity compels us to propose drastic reductions in 
the salaries of the superior services in order to make more money 
available for the social services. As an example, it may be men- 
tioned that tlie transfer of the I.M.S. Officers from Bengal will 
supply a Public Health Nurse to each Tkana Unit, totalling 
575. Such a transfer will not hamper the efficiency of the 
administration, in the least, if the existing services and talents 
now available in the country are properly trained and mobilized. 
The same holds good for other superior services. Besides this, 
there is much anomalous difference in the scale of salaries 
of the various services which are expected to do the same or a 
better type of job. For example, medical officers in charge of 
hospitals who do not possess post-graduate qualifications in 
public health or any other subject are given the same salary as 
District Health Officers with D.P.H. qualifications and are 
allowed to practise at the same time. Moreover, the District 
Health Officers have a non-pensionable service, whereas the 
State Medical Officers attached to hospitals have a pensionable 
service. This is not only an injustice done to the Health officers 
but also to the general medical profession who have to face an 
unfair competition. Moreover, if the honorary services of com- 
petent members of the general medical profession are secured 
for the hospital services, much of the over-head cash expenditure 
in curative medicine can be reduced. It will thus be seen that 
nothing but a thorough reorganization of the services and a 
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sound national financial planning will meet the needs of supplying 
the minimum requirements for a healthy living for the whole 
population. If India could manage to spend Bs.20 lakhs a 
day now to meet the military obligations of the present war 
and if lakhs of rupees could be collected in the provinces for 
War Purposes, it would not have been impossible to mobilize 
the necessary finance for a national planning in peace-time had 
there been a desire and a policy in the administration to pursue 
a forward programme. 


8 . Lack of institutional planning. 

Hitherto, hospitals have developed in most countries in a 
haphazard fashion according to the dictates of charity or 
exigencies of situation regarding the occurrence of diseases. 
Modern medicine has made diagnosis and therapy of diseases 
not only a highly specialized procedure in many cases but a 
costly method beyond the reach of many individuals in tha 
community. In order to offer such diagnosis and treatment, 
free or at a nominal cost, to those who need it, it is necessary to 
plan the institutions on a regional basis according to the incidence 
of particular diseases in an area. If the findings of the Bhopal 
survey are taken as a basis, only 4% of sick people in this country 
require specialized treatment in highly equipped hospitals with 
specially trained personnel. These findings may not apply to 
all areas and, therefore, each area needs to be surveyed. \^en 
this is done it will be found that costly institutions with highly 
specialized staff will not be needed in such large numbers as 
now, if the distribution of hospitals and dispensaries is planned 
in such a way that minor ailments are cared for at the peripheral 
di8j)ensaries, ordinary hospitals take care of the intermediate 
categories of cases and the difficult cases ai e taken to the highly 
specialized base hospitals. What happens now is that the city 
hospitals, like those in Calcutta, which possess highly efficient 
and expensive staff and equipment, deal with all sorts of cases, 
involving not only in wastage of time of the specially trained 
staff but of money as well. 

To reach medical aid speedily to those who need it and to 
transport them to larger institutions where the necessary equip- 
ment and skill are available, a suitable planning in the develop* 
ment of communications is absolutely essential. It is a matter 
of regret that communications have not been developed in 
India to serve the needs of sick population. 

Further, the tendency to construct stately buildings for 
hospitals in this country, which sinks most of the funds in brick 
and mortar, leaving very little for equipment and efficient 
running and service, is to be deplored. Cheaply constructed 
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hospitals which can last for twenty years would tide over the 
initial stages of economic planning and pave the way for better 
buildings when money can be made available, but for this 
appropriate research should be undertaken. We hardly find 
any indications for this in India. 

As first steps to remove the lag, every province should have 
a committee on hospital standardization and planning, on which 
the medical associations should be represented. It will be the 
business of such a committee to survey the needs and suggest 
suitable standardized plans for different categories of institutions. 
If this is done, it will be found to be not only less costly but the 
community needs will be more efiBciently met through proper 
zoning. 


9. Lack of co-ordination between the irUer-related administrative 
departments. 

The Department of Public Health or Social Affairs is 
intimately related to the Department of Rural Reconstruction, 
which again is related to the Departments of Education, 
Agriculture and Animal Husbandry, Industries, Communications 
and Irrigation. Owing to a lack of proper co-ordination between 
them, many excellent public health schemes never fructify, to 
the great detriment of the well-being of the population for 
whom they exist. The functions of the Finance Department 
are said to sit on files for as long as possible and to prevent 
expenditure wherever possible. In order to bring about this 
eo-ordination, England had to establish a Ministry of Recon stnic- 
tion in 1919 and China had to establish a Ministry of Co-ordination 
in 1929. In the State, the health programme is only one part 
of the great national programme. Therefore, all Government 
agencies are allies and all should work towards the same end. 
The State has only one purpose — to promote the welfare of all 
its citizens without distinction, to raise their material and 
cultural standards and to liberate them from the bonds of poverty, 
ignorance and disease. The physician or health worker in such 
a State is a specialist who knows about disease and who works 
towards the fulfilment of the general plan side by side with the 
other civil servants. 

The establishment of provincial ministries of health and 
a federal ministry of health in India is absolutely essential as 
a first step towards securing this co-operation. It is desirable 
that in the provinces, the necessary co-operation between health 
<including housing, nutrition, physical fitness, maternal and child 
welfare, school medical services, hospitals and supervision of 
the medical profession), public relief and social welfare institu- 
tions should be co-ordinated or united in a single Ministry of 
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Public Health or Social Affairs, which keeps in close touch 
with the institutes of Hygiene and co-operates, as much as 
required, with the medical faculties. TOie Ministry should 
secure the opinions of an Advisory Board, preferably consisting 
of non-service people with special knowledge of health questions, 
on all important aspects of public health planning. The division 
and technical value of the work should be so directed as to 
secure the maximum of efficiency with the minimum of expendi- 
ture, which will again be guided by the principle of co-ordination, 
unity of action and adaptation to local conditions. 

The question of a federal ministry of health in India has been 
mooted since 1920, but it has not yet been solved. The formation 
of the Central Advisory Board of Health in 1937 was a move for 
interprovincial co-ordination, but it is only an advisory body 
without any power to enforce decisions where attempts at co- 
operation fail. This necessarily entails some retransferance of 
power from what has been given to the provinces by the 1935 Act. 
Without an All-India Public Health Act much progress is not 
possible. Only one of the provinces (Madras) has passed a 
Public Health Act (1939), but unless the other provinces possess 
it, very little co-ordinated and standardized progress will be 
achieved. In other words, the federal and provincial 
governments should sit together to frame a scheme of national 
planning in public health and social welfare according to modern 
conception and within the economic competency of the people. 

It will bo too diffuse an attempt to visualize the financial 
implications of such a scheme on an all-India basis, but we shall 
try to present the underlying principles of a scheme for a province, 
taking Bengal as an example, because the population of Bengal 
approximates that of England and Wales and of Java, 
two countries with two different orientations. 


The Pi-iANNiNG OF Public Health in a Province, with 

SPECIAL REFERENCE TO BbNOAL 

The League of Nations Report on Medico-Social Policy in 
rural areas (1939) lays down that ‘Medico-social policy in country 
districts should begin by the organization of arrangements for 
medical care. This is the normal course of historical development 
for the protection of health, and it is but natural that the first 
step should be that of meeting the most immediate and keenly- 
felt need. The sick suffer, and to relieve them is a humanitarian 
duty; it is also the means of paving the way for preventive 
medicine, which, from the standpoint of public health, is more 
important than curative medicine, though as yet less appreciated 
by the public". Rom what has already been said, it is evident 
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that the State must be responsible for all medical work, viz. 
curative (or clinical) as well as preventive (or social) medicine^ 
for the training and provision of all cadres of personnel, and for 
all types of establishments and supplies. It is understood that 
the service should be provided without any charge to the people, 
and yet the total cost must be such as the people are able to 
bear indirectly through taxation. In India, for a long time to 
come, financial stringency may limit the extension of these 
services, but, provid^ a methodology is devisee! whereby the 
payment for the purchase of health can be made in cash and 
in kind, so long as the economic condition of the country does not 
improve to a sufficiently high level, a substantial degree of 
progress can be achieved. In some European countries, the 
public relief authorities pay selected general practitioners for 
attendance on the poor and, through the extension of sickness 
insurance and other forms of collective medical assistance, the 
sick are given access to the whole armoury of preventive and 
curative services. This has been found to prove less expensive 
in the long run for the responsible agencies. From what has 
been said before, it will be needless to elaborate on the individual 
items, but, in order that an efficient organization is built up, 
the State medical service must bo operated ‘with the discipline 
expected of a military machine and with the economic manage- 
ment associated with an industrial enterprise*. The success 
and efficiency of any group action depends upon organization 
and supervision. The traditional functions of the doctor, 
nurse, midwife, pharmacist, etc., and of traditional hospitals, 
clinics and health bureaus must be scrutinized and, if they do 
not fit adequately into the new scheme, they must be altered. 
If necessary, new types should be evolved to take the place of 
the old. 

The training and supply of personnel is a very important 
matter. With regard to the vehicle and content of medical 
education, certain changes from traditional forms will be needed 
to suit the requirements of the organization dictated by modern 
State Medicine. Practical training of all classes of personnel 
would be undertaken in both the urban and the rural units, so 
that the finished products are able to take their place in the 
service without undergoing further special training, which wdll 
thus result in a saving of time and funds. Post-graduate and 
Refresher Courses are expected to keep the knowledge and 
efficiency of the personnel at the proper level. 

In order to attend to the socio-economic factor, the public 
health activities must be linked with those of rural reconstruction, 
they beii^ mutually interdependent for success in either sphere. 
‘Preventive and curative medicine cannot be separated on any 
sound principle, and in any scheme of medical services must bo 
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brought together in close co-ordination. ' The preventive 
measures may be divided into the follov^ing categories: (1) the 
development of a social machinery to assure living standards 
adequate for the maintenance of health, (2) health education, (3) 
sanitation of eiivironment, (4) epidemiological control of com- 
municable diseases, and (5) organization of early diagnosis and 
preventive treatment of disease. 

The improvement of sanitation of villages is possible only 
when the sanitation of every house is improved. To appreciate 
the magnitude of this statement, we may quote some findings 
of a health survey in one of the units (Closepet) subsidized by the 
Rockefeller Foundation in India. 

Twenty-five per cent of the families in this unit had an 
income under Rs.5 per month, 30% had a monthly income of 
R8.5-10, 26% between 10 to 16 rupees p.m., 10% between 
R8.16 to 20 p.m. and the rest above Rs.20 p.m. 30% of the 
families had only one room, the rest more than one room. 
1*6% of the houses were provided with latrines, the rest had no 
latrines. 70% of the houses had no windows and 25% of the 
houses were unfit for habitation. 60% of the houses were 
without drains and in 60% of the houses the cattle were kept in 
living quarters. In 40% of the houses the kitchen refuse was 
stored in the backyard and in 16% it was thrown into the streets. 
In 40% of the houses, the sullage water was led into the backyard 
and in 60% it was led into the street. There was very little 
provision for safe drinking water. In 30% of the houses the 
manure was stored in the backyard and in the rest it was sent 
out to the fields. 

Naturally, in such a population as this the improvement of 
environmental conditions is beyond the competency of a health 
organization, unless there is co-ordination with other social 
services through a department of Rural Reconstruction, which 
comes forward to plan and co-ordinate the Social Services, of 
which Health is one. Even the Department of Rural 
Reconstruction will find it impossible to obtain the desired 
results unless the villagers themselves become health conscious, 
through persistent health propaganda and practice and come 
forward to participate in the health activities of Social Welfare 
Leagues established and managed by them. The participation 
of village headmen, school teachers, medical practitioners and 
officers of the respective State departments will help a long way 
towards achieving the object. 

The results obtained in the Closepet Centre was very 
encouraging as regards the improvement of school hygiene, 
control of epidemics, vaccination, vital statistics and reduction 
of maternal and infantile mortality. It was shown that infant 
mortality among cases conducted by the Centre was 76 per 
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1,000 livebirths, as compared to 157 in cases conducted by the 
local dais and that the maternal mortality in oases conducted by 
the Centre staff was 1-8 per 1,000 births, as compared to 8*1 
in cases conducted by the local dais. It has already been shown 
in India that public health can be profitably purchased in the 
army and jails. Among the British troops, the death rate has 
been reduced from 13*03 in 1900 to 2*15 in 1937 and among 
the Indian troops from 10*87 to 1*77 respectively. The death 
rate in Indian jails has been reduced from 32*80 in 1900 to 10*25 
in 1937. The sickness rate has also been greatly diminished. 
These evidences should infuse us with a hope for the future, 
provided a suitable planning is made based on experimented 
and successful methods. 

It is to be noted that these Rockefeller-subsidized 
Demonstration Health Centres do not deal with curative 
medicine; still the expenditure per capita comes to annas 12, 
Such an expenditure is beyond the competence of provincial 
Governments at the present moment. Each of the five peripheral 
units at the Closepet Centre (= 50,000 population) catering 
to the needs of 10,000 people, employ one Sanitary Inspector, 
one Vaccinator, one Public Health Nurse, 2 Midwives and 2 Peons, 
supervised by a Central Staff of one Health OfScer, one Assistant 
Health OflScer, besides 2 clerks. 

As regards the implications of curative medicine we have 
no data to go by, except a statistical study spread over six 
years in Bhopal State. It was found that 83% of the total 
ailments were amenable to simple treatment, if given in time; 
that 13% needed hospital care and that 4% required specialized 
treatment. This means that in a popidation yielding 10,000 
patients 830 cases would need attention for minor ailments at a 
peripheral dispensary, 130 cases would have to be taken to a 
hospital centre for care and that arrangements would have to be 
made for the remaining 40 cases for specialized treatment at a 
more highly organized centre. Besides these, beds would have 
to be reserved, at suitable centres, for the isolation of infective 
cases, incurable oases, convalescent cases, maternity and 
gynaecological cases and sick children. Tuberculosis, leprosy 
and mental diseases would need separate arrangements. The 
system of travelling dispensaries and subsidized rural practi- 
tioners has proved a failure in India; hence arrangements would 
have to be made for permanent units according to the varying 
needs of the population. 


Organtzatioh of Provincial Social Welfare Services 

The functions and divisions of a Provincial health 
organization are illustrated in the following scheme: — 
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Organization of Provincial Social Welfare Servioee, 
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It will be seen that a separate Ministry of Sooial Affairs^ 
whioh includes both preventive and curative znedioine with the 
associated Sooial Services, has been proposed and that the 
present dichotomy of preventive and curative medicine has 
been proposed to be abolished, bringing about centralized 
control under an officer, who may be caUed the Director of 
Public Health or Social Affairs. As curative medicine occupies 
a small portion of modern preventive medicine, it has been 
proposed to abolish the posts of Inspector-Generals and Surgeon- 
Generals and to put an officer properly trained in modern public 
health administration in charge of all the sections. The posts of 
District Civil Surgeons may be abolished in view of the fact 
that the District Medical Officer of Health is to function as the 
Head of the District preventive and curative services. 

The District organization, as applicable to Bengal, is shown 
in the following diagram: — 

SCHEME FOR 

DISTRICT HEALTH ORGANIZATION IN BENGAL 

Population = 50 millions. 

No. of Districts = 26. 

Population of a District = 1-2 millions. 

No. of Sub-divisions = 72. 

Population of a Sub-division = 500,000 to 700,000. 

No. ofThanas = 600. 

Population of a Thana = 50,000 to 80,000. 

No. of Union Boards = 5,084. 

Population of a Union Board = 5,000 to 10,000. 

No. of villages = 100,000. 

Population of a Village == 250 to 500. 

Provincial Headquarters. 

District Headquarters. 

^ (= 3-5 Sub-divisions )\ 

/ (Base) \ 

Sub-divisional Sub-divisional 

Centre. Centre. 

Sub-div isional Centre. 

— 8-9 Thanas. 

(Tertiary Centre.) 


Thana 

(Secondary Centre.) 

(= 4-6 Peripheral Units.) 

P.U. / \ P.U. 

P.U. P.U. 

Peripheral Units 
of 2 Union Boards. 
(Primary Centre). 

(P.U. = Peripheral Unit.) 
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In the initial stages, the peripheral village unit or Primary 
Centre is proposed to include two Union Boards. Each Primary 
Centre will be equipped for services of both curative and pre- 
ventive medicine. It will have a clinic, a dispensary and 
5 beds, 3 of which will be meant for emergency aid and two for 
abnormal midwifery. The staff will consist of a doctor, an 
Instructor midwife, a compounder and two Health Assistants. 
The Primary Centre will ordinarily deal with the coriection of 
minor defects and ailments. The beginnings of a domiciliary 
service may also be attempted here. School health may be 
looked after, with the voluntary assistance of school teachers. 
School teachers may also bo utilized in vaccination and other 
types of work, e.g. health education which they can undertake 
with short training. As regards maternity service, it will be 
the business of the Instructor midw ife to mobilize the indigenous 
dais to train them and to secure their co-operation. In a 
population of 20,000, 400 confinements are expected to occur 
annually, of which 10% may be abnormal. One-third of this 
may be tackled by the trained Instructor midwife. The remain- 
ing two-thirds will have to l>e sent to the next higher Centre 
(Thana), if expert medical aid is not available locally. The 
necessary supervision and co-ordination can be exercised from 
the Secondary or thana unit. The peripheral health centres 
should be undei a single management and should help to co- 
ordinate all the relevant activities in the territorial zone. They 
may extend their activities by local branch agencies or by 
mobile units. 

Foui* to five Primary Centres will constitute a Secondary or 
Thana Centre, The Thana Centre will have a 50-bed hospital, 
containing 10 beds each for medical, smgical, maternity, 
pediatrics, and infectious cases. Less than 50 beds in a hospital 
will increase the overhead cost. There will be a male doctor and 
a female doctor in charge of the hospital and for the supervision 
of the Primary (^entres. The hospital, apart from attending to 
such cases as it can manage, will serve as a sorting and diagnostic 
centre, sending the more difficult and approj)riate cases to 
institutions possessing more elaborate equipment and staff at 
subdivisional or district centres and to special institutions like 
tuberculosis hospitals and sanatoria, psychiatric institutions 
and convalescent homes. If funds permit, a Visiting Public 
Health Nurse may be stationed here to control the work of 
Instructor midwives and to train village dais. The staff and 
organization may be augmented as the work increases and as 
more funds become available. 

The Thana units will be connected to the more highly 
organized Sub-divisional Centres, Each Sub-divisional Centre is 
to have a 100-bed hospital, with 20 beds for each of the sections 
provided for at the Thana Centre. There will be a male and a 
female Resident Medical Officer for the hospital and a male or 
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female ofScer for the clinic and one or two Public Health Nurses, 
The public health side of the work will be in charge of a Sub- 
division^ or Assistant Health Officer who will exercise both 
executive and supervisory functions. There will be a diagnostic 
laboratory attached to the hospital. If competent doctors are 
available at the Sub-divisional town who are prepared to work 
as Honorary Physicians or Surgeons to the hospital or clinic^ 
their services should be thankfully accepted provided they 
undergo a short course of training at the Experimental Training 
Centre, which will be attached to the Sub-divisional Centre. 
This training centre will be responsible for training midwives, 
health assistants, compounders and nurses, will develop the 
methodology of work applicable to the area, and will assess the 
cost and results of the technique employed. It will also help in 
stimulating the local authorities and the population to extend 
the public health activities. This method has been found useful 
in several European countries and in U.8.A., China, Ceylon and 
some parts of India (Rockefeller Units). There will be some 
auxilliary personnel attached to the Sub-divisional Units, such as 
Sanitary Inspectors and Health Assistants to control epidemics, 
if and when they occur, and Publicity Assistants to aid in health 
education. A School Health Officer may be appointed, if funds 
are available. If not, the voluntary services of teachers may be 
requisitioned, while exercising supervision and training by 
technical staff. 

The Secondary Health Centres must be equipped in such a 
way that they are able to supplement the work of the Primary 
Centres on the technical side and that patients may be moved 
from one institution to the other as needed. The division of 
work between these centres will depend mainly on the means of 
communication available and on whether the population is 
scattered or concentrated. 

The Sub-divisional Centres will bo connected with the more 
highly dovtdoped District Cerdre, The District Centro will 
exercise all the functions of the subsidiary (‘entros but in a more 
sjiecialized way. They will also supervise the work of the whole 
District. The District headquarters will have a 260-bed hospital, 
with 60 beds for each of the different categories of services. 
Special beds for tuberculosis may be added to this. This hospital 
w ill be fitted with all necessary modern equipment and will bo 
staffed by competent officers. Ten to twelve Resident doctors 
will be needed to run the institution under a whole-time 
Superintendent. The voluntary services of specialist practi- 
tioners in the District headquarters should be utilized as far as 
possible. The laboratory attached to this hospital wall undertake 
diagnostic, water analysis and food control work. There will be 
one ui'ban and one rural Demonstration cum Training Centre 
attached to this hospital. This will offer training facffities for 
Sanitary Inspectors, institutional and public health nurses and 
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post-graduate and refresher courses for the higher personnel 
employed in the District. The whole administration will be 
under a Medical Officer of Health, who will be assisted by 
specialist officers for the special functions of the District organiza- 
tion. It will be seen that the administrative unit suggested 
corresponds to the political unit, which fairly corresponds to the 
distribution and agglomeration of population, marketing and 
transport anangements. The suggested scheme is capable of 
expansion without essentially changing its structure. The 
&st 6 years in this planning may be occupied in organizing 
curative and preventive services to units of 20,000 people. 
When more experience is gathered and mistakes aie avoided, 
the Unit may be duplicated or even triplicated. 

The District Health Administration constitutes a link 
between the provincial and local administrations. It should 
extend to social preventive medicine (health visitors, maternity 
and child welfare, anti-tuberculosis work, etc.), public health 
(housing, water supply, sewerage, etc.) and hospitals, carrying 
out a uniform programme everywhere and aiming at developing 
the various institutions into a balanced whole. The present 
isolationist policy of hospitals and dispensaries should be 
abandoned. In a planned policy, one hospital may deal with 
say acute diseases, another with chronic diseases, a third with 
convalescent cases and so on. 

The proper training of the medical personnel needed for 
the proposed framework is a difficult matter. Experience has 
shown that a minimum annual expenditure of Rs.5 lakhs is 
needed to run an efficient medical college or school. In the 
initial stages, it may not bo possible to equip such an institution 
for every district. Efforts should, however, be made to have 
such an institution in every Division, which usually consists of 
5 districts. The supply of medicjil licentiates to medical 
graduates in India to-day is in the proportion of 2:1. 
Before the school system of training is abolished, arrangements 
should be made to provide facilities for the training of the 
medical and public health personnel, needed for the new 
organization, at the teaching institutions and field training 
centres. It would be worth considering whether, after the 
first 2 years* basic training in the medical colleges, curative 
and public health physicians’ training should bifurcate in order 
to save time and expense in the initial stages of execution of the 
scheme, when a sufficient niunber of qualified personnel may not 
be available. Tlie position in Bengal is different, as there are 
already 1,000 doctors employed in rural dispensaries and 2,000 
are practising in rural areas. Out of over 11,000 registered 
doctors in Bengal, only 3,000 are in rural areas. 

The Provincial headquarters will provide facilities for the 
training of the superior personnel and specialized services and 
will make arrangements for research activities for solving 
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problems oflFored by the District and subsidiary units. The 
training programme should be drawn up with a view to fit it 
into the eventual whole scheme and the methods devised should 
first be tried experimentally at selected centres before their 
general application is advised, in order to avoid wastage of 
efibrts and funds in future. The Provincial health organization 
should have the help of an Advisory Board, consisting of experts 
in each lino, preferably non-officials, who will study problems 
and offer such advice as they think fit. 

The inspection and control of health work under the local 
bodies should be left to the Director of Health or Social Affairs. 
Dual control of work under the Government, local bodies and 
voluntary organizations of the present time has often resulted 
in the creation of many administrative difficulties, frequent 
dislocation of work and serious indiscipline in the ranks and 
resentment on the part of local bodies. This policy has already 
been adopted in Madras, Punjab and U.P. and should, therefore, 
be followed in the rest of India. 

The idea is that the curative and preventive services should 
form a co-ordinated whole, ensuring every rural family a minimum 
of attention, especially in cases of confinement, infectious disease 
or accident and in those requiring urgent medical aid. The 
final goal should, however, be to provide for the whole com- 
munity the services of doctor, midwife, nurse, specialists and 
dentists, in addition to laboratory analyses and hospital 
treatment. The aim should be to prepare a stage -wise and 
co-ordinated programme ‘covering at one and the same time 
both central and local administrations, both environment of the 
family and the individual, both preventive and curative action’. 

Financial implications of the Provincial scheme (Bengal) 

Any scheme in which the overhead charges exceed 30% of 
the total earmarked budget is financially unsound. Hence, the 
salaries of the services should be adjusted according to the 
income per head and taxable capacity of the people. 

The close participation of the Rural Reconstruction 
Department, which aims at co-ordinated uplift of the population 
by all the branches of the administration, will not only speed up 
the public health progress but will save a considerable expendi- 
ture for social-c-wm-public health progress. Any planning in 
public health is closely related to the general national planning. 

It is understood that the construction of the quarters for 
the health personnel and of the hospitals and clinics will be 
undertaken by the local population. It will serve the purposes 
of national planning, if cheap materials which may last for 
20 years or so are utilized in the construction of houses and 
institutions. Russia was compelled to adopt this for economic 
reasons in the initial stages of planning. If the methods of 
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national planning succeed, it may be possible to replace the 
temporary structures by more permanent materials at a later 
stage. It is also understood that the local population will 
voluntarily and actively participate in improving personal 
hygiene and environmental sanitation. 

The recurring annual expenditure of a periplieral or Primary 
Centro will be Rs.3,000 p.a., that for a Thana Unit 113.10,000 p.a., 
that for a Sub-divisional Unit Rs.50,000 p.a. and that for a District 
Centre Rs.100,000 p.a. This gives us an expenditure of about 
Rs.2 crores for the rural public health organization in all the 
districts. To this should be added the cost of central or basal 
supervision and training centres — Rs.100,000 p.a. Rs.20 laklis 
p.a. will be needed for 4 Medical Colleges in the four Divisions 
of the Province for training the medical and public health 
persoimel. Besides these, a certain amount of capital expendi- 
ture (about Rs.5 lakhs) will be needed for equipping the institu- 
tions with instruments, appliances and drugs. The development 
of the Social Assistance machinery is an urgent necessity in the 
furtherance of public health. The ex|)enditure on this head 
cannot be visualized at this moment. 

Let us see how the expenses Cfwi be met. The urban popula- 
tion in Bengal is only l/16th of the rural population. Yet the 
per capita expenditure on curative and prevention services in 
municipal areas is Rs.2- 1-9, in comparison with only 4 annas and 
4 pies in rural areas. In order to divert more money to rural 
areas, the Government contribution to municipal areas will have 
to be stai ved for some years. Excluding municipal areas, the 
Government contributes at present (1940-41) Rs. 87, 83 ,000, the 
District Boards Rs.35,38,000 and the Union Boards Rs. 14,21, 403 
or a total of Rs. 1,37, 42, 403 to preventive and curative services. 
Thus there is a deficit of a like amount in financing the suggested 
scheme. Tins can be made available from various sources. 
One of them is more Government allocation to social welfare 
services. Out of a total per capita expenditure of Rs.2-7-5 in 
Bengal, Police expenditure absorbs 8as. and General Administra- 
tion and Administration of Justice together absorb 8 annas 6 pies 
per capita or a total of more than a rupee per head, while only 
4 annas 6 pies per capita is given for education and 3 annas per 
capita for preventive and curative health services. Compare 
this with the per capita expenditure of Rs.35-9-0 for education 
and Rs.6-9-0 for medical relief and public health in England and 
Wales. The other inter-related social services in provincial 
budgets are similarly starved at the expense of a top-heavy and 
maladjusted administrative machinery. 

The scheme which we have ventured to suggest can be 
made practicable if the cost now being paid by the Government, 
District Boards and Union Boards is doubled. The present 
per capita expenditure from these sources is 2 annas 9 pies, 
1 anna 1 pie and 6 pies respectively or a total of 4 annas 4 pies, 
ai 
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By doubling the figures, the respecjtive contributions will be 
5 annas 6 pies, 2 annas 2 pies and 1 anna or a total of 8 annas 
8 pies. The municipal expenditures are left out of account. This 
is the minimum from where a start can be made. Provided 
the willing co-operation of the population is secured, enough 
contributions in kind will be available for the expansion of the 
scheme. 

Bengal OovemmevPs recent scheme. 

The defects in a skeleton scheme of supplying one Sanitary 
Inspector, one Health Assistant and one Medicine Gamer to 
each Thana Unit, numbering 676, introduced in 1927 in Bengal 
have already been referred to. Recently the Director of Public 
Health in Bengal has formulated a rural hygiene programme by 
combining curative and preventive medicine by a Rural Medical 
Officer, two Health Assistants, a part-time dai and a part-time 
cleaner to 2,600 rural medical units, each comprising two union 
boards. These are proposed to be linked, for purposes of 
supervision and control, to Secondary Centres in the sub- 
divisions under an Assistant Medical Officer of Health, assisted 
by 2-4 Sanitary Inspectors and office staff. These Secondary 
Centres are proposed to be linked to the District headquarters 
under a District Medical Officer of Health. The financial 
implications of the present organization and the proposed scheme 
are given below: — 


Contributions from. 

Per capita expenditure. 

Present 

organization. 

Proposed 

scheme. 

Total. 


Rs. A. P. 

Rs. A. P. 

Rs. A. P. 

Government 

0 2 9 

0 0 9t 

0 3 

District Boards 

0 1 1 

0 0 1 

0 12 

Union Boards 

0 0 6 

0 0 8i 

0 1 2J 

Municipalities 

2 1 9 

0 0 J 

2 1 9i 


The additional expenditure needed in this scheme are 
R8.22,77,(X)0 from the Government, Rs.2,27,000 from the District 
Boards, Rs.21 ,10,000 from the Union Boards and Rs.66,000 from 
the Municipalities. 

It will be seen that, although it marks an advance in the con- 
cept of rural health organization in this scheme, the co-ordination 
and control of the existing curative medical organizations 
(existing and future hospitals and dispensaries) have been left 
where it is in the present dichotomous structure, viz. under 
the Surgeon-General and his subordinates, which goes entirely 
against the idea of unitary control recommended in all modern 
public health schemes. This scheme may, however, very well 
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function as the starting point, provided the principles of public 
health administration enunciated by us are followed. The 
scheme seems to be capable of expansion when the necessary 
persoimel is trained, adequate supervision is secured, the metho- 
dology developed and funds made available. 

Summary and ‘First Steps’ 

1 . A historical review of the evolution of public health in 
India and in other countries, particularly England and Wales, 
has been given. The result of this evolution in Eur-American 
countries has been that to-day community medical protection 
has become a field of social activity. The major functions of 
social life have been mentioned and the fields of social welfare 
explained. 

2. Some principles of sound public health administration 
have been laid down. 

3. The causes of the lag between science and its application 
in the improvement of public health in India have been indicated 
and suggestions for their removal have been oflFered. Emphasis 
has been laid on the need for a scientific approach, hitherto 
lacking in India, to modern pubUc health through adherence to 
the essential principles of public health administration. 

4. The essentials for the planning of public health in a 
province, with special reference to Bengal, are discussed and the 
working principles defined. 

The ‘First Steps’ in a province, will bo for the department 
of Rural Reconstruction, which should be a co-ordinating 
department, in every province to set up a Planning Committee, 
with sub -committees on Social Welfare and other technical fields 
of rural reconstruction. The ‘terms of reference’ should be to 
define clearly the objective, to advise on the best way of develop- 
ing and demonstrating the methodology of work proposed, to 
determine how best to apply the same in the wider fields around, 
to determine the method of training the required personnel and of 
proper supervision, control and maintenance of their level of 
efficiency, and to suggest the best means to secxire the co-operation 
and co-ordination of the inter-related departments. 

If our suggestions are looked at from a constructive view- 
point, the Rural Reconstruction departments in the various 
provinces will be expected to move in the matter and to determine 
what steps are practicable in applying the various principles for 
efficient and adequate community medical protection in their 
own territories, I have heard people to say that unless we get 
complete political and fiscal freedom no progress is possible. 
I do not subscribe to this view, although I admit that freedom 
will speed up the progress in every direction. I firmly believe that 
if we have in us the ‘will to live’, we are capable of purchasing 
public health by payments in kind so long as adequate cash is 
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not available, but for this a national desire to live which is notice- 
able in other nations, should be present in everybody and 
voluntary participation must be forthcoming. 
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I. Introduction. 

The President of this section last year made a departure 
from the usual custom of confining the address to a branch of the 
subject he was most familiar with, and gave instead an address 
on a genera] review of the progress of agriculture. I shall, 
however, revert to the usual practice. Last year’s address 
had a large portion of it devoted to the value and care of seed. 
It is probably in the fitness of things that my address deals 
with the problem of search for, and production of seed with 
inherent superior characteristics. I shall make a general survey 
of the plant breeding and geneticai work in India and in doing 
so, refer largely to two crops, rice and cotton, with which I 
am most familiar. 

Scientific breeding with crop plants has become a powerful 
and indispensable tool for making agriculture more efficient 
and more flexible in meeting new demands and supplying the 
needs of men for food and raw material. ‘‘ In the realm of living 
things with which agriculture deals, the work of the breeder is 
comparable to the work of the inventor in the realm of inanimate 
things with which industry deals, and his work pays in the 
same way that invention pays by replacing continuously the 
old by the new or making possible what was not possible before 
The growing of improved typos involves no additional expense 
to the cultivator and the work of breeding improved types has 
formed an important plank in the activities of the agricult\iral 
departments right from the very beginning. 

Plant breeding in its strict sense means the prodTiction of 
better crops, the ultimate test of superiority, with exceptions, 
being greater yield per unit area and hence greater rt^tum to the 
grower. In the case of industrial crops like cotton, besides 
yield, the question of quality also comes into consideration in 
deciding the return per acre and hence breeding for quality does 
form part of the breeder’s objective. At the present time breed- 
ing for quality in cotton has become an urgent necessity in 
several tracts since the bulk of the cotton produced in India is 
of short staple, the outside market for which has considerably 
dwindled. Breeding for quality in food crops, cereals, is still 
not of much importance in our country as the term * quality ’ is 
incapable of a precise definition and usually has no bearing on 
the nutritive value. To mention only one example, the quality 
in rice, as is commonly understood, depends upon the size and 
colour of the grain and upon the extent of polishing it has 
received. Quality from the nutritional point of view is, however, 
quite different and if practical effect is to be given to the find- 
ings of research work on this problem, (Eamiah et at, 1939) we 
shall have to radically change our ideas about quality in this 
most important food crop of the country. 
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Even in industrial crops, for various reasons beyond the 
control of the grower, yield under Indian conditions still 
forms the predominant factor. Let me try to illustrate this 
with a small example in cotton. The local indigenous cotton 
grown in Central India is of a poor quality, the lint capable of 
spinning only 10-12 counts. There is, however, the Upland 
cotton, which is definitely superior to the indigenous in quality 
and commands a better price in the local market, but does not 
yield quite so well as the indigenous as a rain-fed crop. 
Examination of extensive data on spinning quality and market 
price for (cotton (Pause, 1940c) has brought out the fact that 
the premium obtained for the superior quality of Upland cotton 
can comiJensste only a ten per cent, reduction in yield while field 
trials have shown that the reduction in yield by substituting 
indigenous cotton with Upland is much greater than this figure, 
and hence it is not profitable to grow Upland cotton in Central 
India on rain-fed land. 

II. A SiJBVEY OF Plant Breeding Results. 
i. Results of plant breeding. 

Scientific plant breeding which is not more than thirty years 
old in India, has been carried on along the traditional lines of 
selection, introduction and hybridization. In fact, the methods 
followed are the same that have been followed in the West 
and the principles involved, which are fundamental, are appli- 
cable to all plants in general. It may be worth while at this 
stage to take stock of the pmctical lusults that have emerged 
so far from this plant breecUng work. The only measui’o of the 
success of this work is the total area occupied by the improved 
typos in various parts of the country. Taking India as a whole, 
the total area under the four important crops and the area 
devoted to the improved types evolved by the Departments of 
Agriculture are given below for the year 1937-38. 


Total area Area (acres) 
(acres) under devoted to 


Crop. 

the crop, 
(thousands). 

improved 

strains, 

{themaanda). 

Percentage. 

Rice 

. . 72,277 

3,759 

52 

Wheat . . 

. . 35,618 

6,930 

195 

Cotton . . 

. . 25,583 

5,672 

22-2 

Sugarcane 

3,818 

2,855 

74*8 


The area under the improved types of sugarcane is very 
striking because the superiority of these types over the local, 
which these have replaced, has been phenomenal. In fact, the 
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benefit that the country has gained by the results of plant 
breeding in this one crop, which can be valued in several crores 
of rupees, has become a classical example of plant breeding 
achievement, the credit for which goes, in a large measure, to 
one of our own members and an ex-President of the Congress, 
Rao Bahadur T. S. Venkataraman. It may be mentioned in 
this connection that the protection given to this crop has been 
an important contributory cause for the rapid spread of improved 
types of sugarcane. That the area under improved types in 
other crops is not so striking is due to various causes, r'or one 
thing, except in the case of cotton and sugarcane, it is so difficult 
to estimate with any degree of accuracy the area under the 
improved types, the figures given above, being only rough 
approximations. Though the percentage area under improved 
varieties of rice is not considerable taking the country as a 
whole, it is certainly very much higher in- individual provinces 
like Madras and Bengal where plant breeding has been carried 
on in this crop for a considerably longer period than in other 
jjrovinces. 

ii. Spread of improved types. 

Botanists working in the departments of agriculture might 
produce better types of crops by breeding, but owing to the 
peculiar conditions in whic?h Indian Agriculture is carried on, 
small and scattered holdings, the special tenancy systems, 
financial instability of the grower, the necessity to sell the 
produce with the seed as in cotton, etc., it is almost impossible 
for every individual cultivator to multiply his own seed from the 
improved types and an organization is necessary to make^such 
seed available to the cultivator. The extent of such organization 
varies in difieront provinces and States in India. While some 
provinces like the Punjab spend several lakhs of rupees every 
year in the multiplication and distribution of seed of improved 
varieties, there is hardly any expenditure under this item in 
some other provinces. It must be mentioned here that the 
amount involved is not a gross expenditure to Government, 
but only represents a sum invested and later recouped by the 
sale of the seed. Owing to sudden fluctuations in the market 
prices, particularly in industrial crops, it is possible there may 
be a small loss incurred, in certain seasons, but, considering 
the practical benefit realized, the loss, even if there should be 
any, can be safely ignored. In the case of cotton, the Indian 
CJentral Cotton Committee finances several seed distribution 
schemes in different provinces and States. Because of the limited 
funds at the disposal of the Imperial Council of Agricultural 
Research, they were mainly concerned with financing research 
schemes and now that the resources of this body are likely to 
be augmented, it is up to them to see whether they should 
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not initiate and partly finance seed distribution schemes also in 
cases where such help should prove necessary and useful. 

We cannot unfortunately compare ourselves with comitries 
in the West on this question. There, the multiplication of 
improved types of crops and making them available to the 
cultivator is carried out by professional seedsmen as a business. 
In fact, in some countries like Denmark and Sweden, the seeds- 
men themselves do the work of breeding superior t 3 q)es. Most 
of the advanced countries have also Seed Acts in force prohibit- 
ing growers from using seed which is not pure and certified. 
The only non-official organization that might take up this 
work is special Co-operative Societies and although a certain 
amount of such work is being done in India, the output forms an 
infinitesimal proportion of the total requirements. 

Any increase in yield which does not come up to ten per 
cent is rather difficult to be appreciated by the cultivators and 
in fact, this is the minimum figure aimed at by most plant 
breeders under ordinary methods of cultivation. In several 
cases, the improvement claimed by the breeder as a result of 
extensive trials, is much above this figure. It is generally 
the experience of plant breeders that improved types respond 
very much better than the unselected types to more intensive 
methods of cultivation. 

Of the four crops mentioned above, dropping out sugarcane 
where the area under improved types is very high and has hence 
markedly increased the output in the country, the question 
may be raised whether on account of growing improved types 
in other crops, the output of the country has been perceptibly 
incrgiased. Persons who do not believe that much benefit 
has' occurred from plant breeding work often compare the 
standard yields of crops per acre as published in the crop 
statistics of India with those of other countries to support their 
case. In the case of rice crop, for instance, the average acre 
yield in India, which is 825 lbs. in 1937-38, is about one-third 
to one-fifth of yields obtained in Spain, Italy and Japan. Simi- 
larly, the average acre yield of cotton crop in India is, 89 lbs. 
of lint as compared to 267 lbs. and 531 lbs. respectively in America 
and Egypt. It is hardly realized, however, that India is a big 
continent with very divergent climatic conditions and rainfall 
as compared to countries which register high yields and the total 
area under the crop in these countries is comparatively small. 
It will be hardly legitimate to make such a general comparison 
between countries. So far as can be seen from the published 
records and from personal knowledge of some important 
plant breeding centres in the West, the actual increases in yield 
as a result of plant breeding is generally never higher than 20 per 
cent. This is the figure that has been declared as a workable limit 
for rice breeding in Japan. If Indian acre yields are still lov , 
the reasons have to be sought elsewhere. India is an old country 
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and manuring is never practised. The increased yields of 
strains are masked by the comparatively smaller areas devoted 
to them. In regions where strains are grown on a larger scale, 
protected by irrigation and sometimes fertilized, very much 
larger acre yields are recorded, as for example, Ck). 2 cotton 
tract of Coimbatore and deltaic rice tracts of Madras. In Egypt, 
cotton yields are high due to irrigation, heavy manuring and silty 
soils and in America to manuring, virgin soils and protection 
against erosion. In certain rice areas of Madras where suitable 
conditions exist, it has biMrUi possible to demonstrate that by the 
growing of improved strains combined with intensive metliods of 
culture, the acre yields can be increased to 3,000-4,000 lbs. 
per acre, comparable to yields obtained in Japan. I am confident 
that plant breeding work in India, both from the standard of 
work and the results achieved, is quite comparable to similar 
work done in more advanced countries of the West or East. 

iii. Need for improved agricultural statistics. 

In this connection it may be useful to rake the question 
of the average yields of crops as published in crop statistics. 
What is the basis of these figures? It is only recently that 
this question is being examined. Even in the case of cotton 
where, duo to the cotton cess, it is possible to estimate fairly ac- 
curately the total output of the country, the figure arrived at by 
this method difiers from the figure given in the statistical reports 
by over 30 per cent. In the case of other crops, some tests made 
in isolated centrt^s have shown that the figures vary from those 
of the statistical reports very considerably. Even the recording 
of the area under any particular crop has hoen found to be 
inaccurate. So far as can be ascertained, the figures of the 
statistical reports are not of much value. It is a good thing 
that the Imperial Council of Agricultural Research have taken 
up the problem of determining standard yields in wheat and 
rice. A similar investigation is being started for cotton also. 
Granting that the production is certainly higher than what is 
stated to bo, such increased production should be reflected in a 
greater well-being of the cultivator, and the question may be 
asked whether there is any indication to that efiect. There is, 
however, one thing to bo mentioned in this connection, namely, 
that the population of the country has also considerably increased 
and there are probably other considerations which may be 
pertinent though beyond the scope of this discussion. 

III. Methods of Breeding. ^ 

The principles and technique of plant breeding may be 
briefly describtKl here. Of the throe methods mentioned earlier, 
namely, selection, introduction and hybridization, introduction 
may probably be K»ft out though there are instances, almost 
historical, on record, of introduced superior types from one region 
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to another proving a phenomenal success. Such successes are 
more an exception than a rule, since it is within the experience 
of plant breeders that the great range of agricultural and climatic 
conditions under which a particular crop is grown in different 
parts of the country has resulted in special local adaptations 
which naturally limit the scope of such introductions. We 
can consider the other two methods in greater detail. 

i. Selection in natural population. 

In the tropics, the plant material has not received the 
intensive study which has been applied to the temperate crops 
before the ideas of pure lines and Mendelism were brought to 
boar on the problem. Every crop presents a mixture of types. 
Sometimes there may be a dominance of one particular type 
which may amount almost to a condition of purity, but there 
is enough evidence that such approximation to purity has 
risen by the suppression of other types by natural agency. 
The typo best adapted to the prevailing conditions survived, 
but where adaptation for more than one type is sufficiently 
close, a mixture of tjrpes forms the crop. Selection in such 
material is nothing but exploitation of the naturally existing 
vaiiabUity. Have we any methods to say which primary 
selections in the variable material would give the desired 
result ? The answer to such a question is, so far as we know, 
No, and this is the main reason for considering plant breeding 
as more an art than a science. Intimate familiarity with the 
crop and the scale on which the selections are made and studied 
are often the deciding factors in the attainment of success in the 
method. There is no known method of discriUiinating the 
important environmental influence on the crop and the testing 
of the progenies in replicated and randomized plots is the only 
criterion to go by. Tie larger the number of initial selections 
handled, the greater are the chances of getting a useful type, 
and for the elimination of undesirable types at the initial 
stages, the breeder has still to depend upon his visual observa- 
tions. Although due to the recent advances in statistics as 
applied to agriculture, designs have been evolved to test even 
a very large number of initial selections in a replicated experi- 
ment, (the incomplete randomized blocks and modifications of 
the design), still, elimination of a certain number of initial selec- 
tions without actually bringing them under replicated trials 
cannot be avoided. Usually the initial yield trials carried out by 
the plant breeder in smaller plots are later extended to trials in 
bigger plots under cultivators’ conditions in various parts of the 
tract and the best selection as determined by these series of trials is 
multiplied and made available for distribution to the cultivators. 
It has been the experience of the more successful plant breeders 
that it is not necessary to wait for commencing the district 
trials until the small scale trials are actually finished, but to 
22 
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carry on the two trials simultaneously in the later stages. 
Thanks to the work of the Statisticians, the technique of carrying 
out the trials has been very much simplified and reduced to a 
routine. This is in brief the method followed in the selection 
technique in cereals, rice, wheat, jowar, etc. These crops are 
almost entirely self-fertilized and the initial selection is itself 
assumed to result in isolating several pure lines and all further 
work is directed towards determining the best among the several 
pure lines. 

When once pure lines have been established, secondary selec- 
tion is not usually practised in these crops. It was once tried in 
rice in Coimbatore to see if there was still genetic variability in 
one of the established pure lines. Yield was the only criterion 
that was taken into consideration as there was no morphological 
variability in the material. Since the variations in yield observed 
were within the limits of experimental error, it was concluded 
that it was not worth making secondary selections, in this crop. 
There are not many records of systematic secondary selection 
being practised in the cereals and even the few cases mentioned 
have been carried out more from the point of view of characters 
other than yield. In cotton on the other hand, secondary 
selection has always been practised by breeders though, as has 
been pointed out by Mason (1938), the effect of such secondary 
selection has been in most cases only of a small advantage 
while the main improvement has been realized in the primary 
selection. Such secondary selection has been, until very re- 
cently, mainly towards making the selection homozygous, i.e. 
reducing the genetic variability. In cereals when once a selection 
is morphologically pure and also reasonably pure for economic 
characters like duration, height of plant, size of grain, etc., the 
only point for consideration was yield. In the case of cotton, 
however, though yield continues to be the main consideration, 
attention is devoted to two other important characters, namely, 
length of the fibre and the ginning percentage. These two 
quantitative characters, to be mentioned again later, are con- 
trolled by a number of Mendelian factors and it is impossible to 
get absolute hymozygosis for these characters even after several 
generations of selfing. Secondary selection has been mainly 
directed to reduce the heterozygosity in these two characters 
to the minimum, and carry forward such of these selections as 
are apparently pure. 

It will be seen from the above that the main principle 
of selection, namely, exploitation of the naturally existing 
genetic variability, is not lost sight of in the case of mak- 
ing secondary selection. Hutchinson and Panse (19376) have 
foimd out that environmental effects contribute so much to the 
variability of the breeding material that genetic effects remain 
undetected by the usual method of progeny row method and 
have improved the technique enabling comparison to be made 

22B 
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of genetic effects freed from environmental disturbances. The 
principle of secondary selection is based on the existence of 
genetical variability, and the attempt of the plant breeder should 
be to obtain a progressive improvement in his material by the 
isolation of superior types arising by segregation in the progeny 
of inithilly heterozygous selections. The new replicated progeny 
row technique developed by them helps the breeder to divide 
the best of his material into two lots, one in which further 
selection is likely to be profitable, and that which has reached 
the limit and may be passed on from the breeding to the testing 
plots. The technique has been used successfully in cotton 
breeding in Indore and a type with a better quality has been 
evolved from a strain that was considered under the previously 
known methods of breeding to be already fixed for that character* 
In addition to improvements in yield, this technique has also 
proved highly useful in developing cotton selections showing 
high field resistance to the fiisarium wilt. From material which 
showed a mean field mortality of 60 per cent, due to wilt, strains 
have been obtained with less than 10 per cent, mortality. 

While the value of this improved technique has been 
definitely demonstrated in the case of cotton, the question 
remains whether it would be worth applying it to other crops, 
particularly, the self-fertilized cereals. An attempt was made 
to use the method in the selection experiments going on at the 
Indore Institute on jowar and linseed. The data so far available 
have definitely shown that, while there was no sign of progressive 
improvement in yield by such secondary selection, genetic 
variability in lodging of straw in jovxir and in resistance to wilt 
in linseed was demonstrated. 

ii. Selection in hybrid population. 

We then come to the question of plant breeding by hybridi- 
zation. When wo find that simple selection is not yielding 
any material of value, it means that there is no genetic variability 
to select from, and the only recourse left is to resort to hybridi- 
zation between varieties so that genetic variability would have 
been produced to give scope for selection again. jAJthough plant 
breeders did carry on crossing among varieties even in earlier 
days, the scientific background for the work was provided by the 
re-discovery of Mendel’s Laws in 1900 and which is now a highly 
developed science under the name of Genetics. Mendelian 
principles of heredity are so well known that I need not deal 
with them here. The science of Genetics has been of great value 
to the plant breeder in that it has given him a clearer conception 
of his problems and a bettor understanding of the processes 
involved in his work. When Mendelism was first brought to 
light, great hopes were entertained of combining into one plant 
various attributes coming from different parents. Whether the 
practical results obtained in economic plant breeding since the 
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advent of Mendelism have been commensurate with these hopes, 
there are differences of opinion. The main aim of economic 
plant breeding is to get greater yields. Using this as the crite- 
rion, it is probably a safe assertion to make that the influence 
of the science of genetics has been much less profound on the art 
of plant breeding than was expected by the early geneticists. 
There is, however, one aspect of the genetical knowledge which 
has produced profound results. The knowledge that physio- 
logical characters like resistance to diseases, cold, etc., are also 
inherited in the same way as other characters have led to the 
classical triumphs of Prof. Biffen in producing rust resistant 
wheats and of Prof. Nilsson-Ehle in producing winter resistant 
wheats and barleys. Even in India this aspect of plant breed- 
ing plays an important i)art and conspicuous successes have 
been obtained. We need mention only as examples the wilt 
resistant arhar of Pusa, wilt resistant cotton of Bombay, and 
blast resistant rice of Madras. 

A reference to the annual reports of the provincial and im- 
perial departments of agriculture in India would give an idea 
of the number of improved types that have been evolved by 
plant breeding and it is not necessary to give a list of them here. 
It may, however, be worth mentioning some of the most out- 
standing ones which are now under cultivation very extensively. 

Selections in natural populations: — 

Rice . . GEB. 24 of Madras. 

Indrasail of Bengal. 

Wheat . . Numbers 4 and 12 of Pusa. 

8A of the Punjab. 

Cotton . . Co. 2 of Madras. 

V. 434 of Central Provinces. 

P. 289F of the Punjab. 

Sind Sudhar of Sind. 

Selections in hybrid populations : — 

Wheat . . Pusa 62. 

C. 618 and C. 691 of the Punjab. 

Cotton . . 1027 A.L.P. and Jayawant of Bombay. 

Sugarcane.. Several Coimbatore types like Co. 213, 
Co. 281, Co. 290, and Co. 419. 

iii. Mixture or Pure strains. 

The question of the utility of growing a mixture of 
types rather than a single type may be considered. The idea 
might appear unscientific to persons accustomed to orthodox 
views of pure lines, homozygosity, etc. Still it will be evident 
from what follows that the problem deserves consideration. 
There has been experimental evidence available with plant 
breeders to show that a mixture of types grown as such, gives 
a greater yield than the components of the mixture. Simple 
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isolations of pure types have no doubt proved an improvement 
over the local mixtures in several crops like rice, cotton, jowar, 
etc,, though it is a general experience with plant breeders that 
such improved types are of limited value beyond the narrow 
range of conditions obtaining in small tracts where they were 
isolated. It is more reasonable to assume perhaps that a 
mixture of types should prove of greater utility over a wider 
range of conditions. That certain components of a mixture 
in spite of their poor performance when grown pure, do manage 
to maintain themselves in a fairly constant proportion from 
season to season can only be explained by the advantage they 
get when grown in competition with other types. The Upland 
cotton of Central India, when grown as a pure rain -fed crop, 
suffers badly from diseases and is a poor performer but gains 
in competition when grown mixed with the indigenous cotton. 
There have been experiments going on for the last five years 
with growing those two cottons under different degrees of com- 
petition and while the results as regards yields are variable there 
is a definite indication that the Upland cotton gains by compe- 
tition effects from the indigenous. There was, however, one 
consistent result obtained in all the years, namely, that the 
American in the mixed crop suffered less from leaf-roll and 
red-leaf than as a pure crop. There was also an indication 
of the indigenous cotton suffmng less from wilt (fusarium) in 
a mix(xl crop. 

It might be worth mentioning here that there is experi- 
mental evidence to show that mixtures tlo contribute to better 
spinning quality. For the last two seasons, the material from 
the experiments with mixtures at Indore has been examined by 
the Director of the Technological Laboratory, Bombay, and as 
the figures given below would show, the mixture has a higher 
spinning value than the average of the two constituents, 
sometimes even approaching the value of the bettor of the 
two constituents. 


Spinning values (highest standard Warp Counts). 


Mixtures. 

1937-38. 

1938-39. 

Actual. 

Average 

of 

consti- 

tuents. 

i 

Dif- 

ference. 

Actual. 

Average 

of 

consti- 

tuents. 

Dif- 

ference. 

M9*+M.43-4 

22 

19-76 

+ 2-26 

J6-6 

17-25 

-0-76 

M9+V. 434 . . 

26 

22-60 

+ 2-50 

21-0 

19-50 

+ 1-50 

M9+M.U. 4 . . 

20-6 

19-0 

+ 1-60 

24-0 

22-60 

+ 1-60 


* M9 , . An arboreum strain evolved at Indore. 

M. 43-4 . . Another ajrboreum strain under study at Indore. 

H.U.4 . . An Upland cotton strain under study at Indore. 
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That fairly oonsistent results are obtained over two seasons 
and that similar results have also been obtained at the experi- 
mental mill, Egypt, (Hutchinson, 19386) show that the mixtures 
are in no way a dis^vantage from the spinning point of view. 
Even granting that the growing of mixtures is proved to be more 
profitable to the cultivator, there are several practical difficulties 
in giving efiect to the findings, but stiU such difficulties should 
not preclude the breeder from examining the question. 

IV. Development oe Genbtioal Scubnoe. 


i. OeneraL 

In the early years of genetics, all attention was concentrated 
on crossing two types, observing the ratios in which any parti- 
cular character or characters were appearing in the F 2 > 
decidmg that the character or characters were controlled by a 
single factor, two factors, complementary factors, duplicate 
factors, etc. Any inheritance phenomenon of a complicated 
nature was usually ascribed to multiple factors and laid aside. 
The results aU tended to nothing beyond the confirmation of the 
universal applicability of original MondeUan laws and their 
later extensions. The second phase of the development of the 
science of genetics was the study of the chromosomes and the 
imassailablo evidence produced that they are the carriers of 
hereditary units or genes. All genetic evidence accumulated 
so far indicates that the gene offers an efficient mechanism for 
the evolutionary progress of living organism. Studies on the 
morphology of chromosomes and the irregularities in their 
behaviour have been used to determine linkage groups and 
changes in the inheritance of characters and their linkage 
relationship. There are some aspects of cytological research 
which are of great interest and importance to particular breeding 
problems, as for example, the chromosomal interpretation of 
species relationship, the conception of polyploidy and the 
explanation of sterility and peculiar forms of inheritance. 
Breeding programmes involving wide crosses between species 
or even genera are based upon the results of cytological re- 
search. The use of physical agents like X-rays, radiation, heat, 
cold, etc., has been brought into play to produce by artificial 
means changes and disruptions in the composition of chromo- 
somes producing mutations more abundantly and at a qxdcker 
rate than what were occurring in nature. More recently alka- 
loids like colchicine has been used to double the chromosome 
complement of an organism and thus make a sterile hybrid 
fertile. The advances in these branches of science, genetics 
and cytology, have no doubt had their effect on plant breeding. 
Hudson (1937) in his excellent review has brought together 
the cases where such advances have been made use of. The 
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advances in the two branches which had remained entirely 
distinct through much of their developmental history are all 
converging to a common synthesis and understanding. One 
going through the literature on genetics that is appearing in 
recent times, vnll be really stunned at the progress that has 
been made. This progress, however, has not been of help to 
evolve plant breeding methods, but the plant breeder has still to 
keep abreast of the advances in genetics and cytology and try 
to incorporate the precepts in his own work so that he can have 
a greater control over his material. 

In the field of breeding horticultural and vegetatively pro- 
pagated crops, the value of new genetioal and cytological 
techniques is appreciated and in attacking breeding problems 
full use is made of the latest advances in those branches. The 
recent work on potatoes may be mentioned in this connection. 
The only agric^tural crop, where an effective collaboration 
between geneticists and plant breeders has resulted in results 
of practical value, is maize in America. It is in the breeding 
of self.fertilized crops that the value of such advances has not 
become as apparent as one would wish it to be. 

ii. Oenetical work in India. 

The actual position of the work in India in the light of the 
advances mentioned above may now be considered. Although 
actual pl^nt breeding has produced tangible results of economic 
value, probably even more tangible than one would expect from 
the time and money spent on it, it must be admitted that the 
latest advances in genetical science have had no appreciable effect 
on this output. It was mentioned earlier that the first phase 
of genetical science was the phenomenon of segregation. If we 
look into the published papers in India within the last 25 years 
(1910-1935), there have been over 200 publications dealing with 
the inheritance of characters in crop plants. A large majority of 
them deal with the simple question of Mendelian ratios. It is 
only a few that might be considered to go beyond the question 
of simple ratios. It is known, however, that characters like 
yield itself and those that contribute to it, as for instance, the 
number and size of the ear in cereals like rice and wheat, and 
ginning percentage and lint length in cotton, to mention only a 
few, are quantitative in their inheritance and controlled by 
numerous genes each probably having a small effect and impos- 
sible to distinguish in the later generations of a cross. Gene- 
tioal analyses on these characters are hard to follow because 
of their complex inheritance. Recognition of genotypes 
which is essential for the usual genetic analysis is generally 
very difficult as they cannot be separated from environmental 
fluctuations. Eye judgment in many cases are quite inadequate 
and simple empirical tests are not always available for isolating 
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all genetio variants. The inheritance studies on such quantita- 
tive characters have therefore not received as much attention 
as they deserve. 

The actual genetical contributions in India are &om those 
who are practical plant breeders, and crop botanists working 
in the departments of agriculture, provincial and imperial. 
Their work is circumscribed by the inunediate and pressing need 
of producing an improved strain of a crop, the introduction of 
which would bring a greater return to the cultivator. The 
material they set to work upon was the crop grown in the cul- 
tivators' fields which was an untouched and richly variable 
population, and simple selection had given very encouraging 
rei^ts. Almost aU the improved strains that have been given 
out to the cultivators are such simple isolations. By the very 
nature of the material dealt with, and due to local adaptations, 
the strains so evolved with rare exceptions, as for example, GEB. 
24 rice and Co. 2 cotton of Madras, are necessarily limited in their 
usefulness to the particular areas in which they were isolated. 
This naturally led to the decentralization of plant breeding re- 
search, which was originally confined to a central station in each 
province, and a number of small breeding stations one in each of 
the important tracts of the crop, were opened where the crop of 
that locality could be studied. This is the experience in provinces 
where plant breeding work has been going on for a longer time, 
as could be seen from the number of rice breeding stations in 
Madras and the number of cotton breeding stations in Bombay 
and Madras. 

The earlier hybridization work that had been imdertaken 
was intended to combine in one individual valuable attributes 
from one or more types and though the breeders did have a 
clear idea of what combination they wanted to achieve, the 
knowledge about the inheritance of the characters, they wanted 
to combine, was however lacking. Such hybridization pro- 
gramme was more or less a hit and miss method and if any 
success had been obtained, it was more an accident. The 
crosses were, however, useful for studying the inheritance of 
some of the easily distinguishable qualitative characters and 
most of the publications deal with such inheritance. This is 
practically the position, at any rate, with some of our most 
important crops like rice, cotton and wheat. In millets, where 
selection and genetical studies have been of a more recent date, 
almost all the publications deal with such Mendehan ratios and 
breeding for special yield attributes is still in its infancy. 

Selection work, whether from a naturally variable material 
or from hybrid populations, was probably considered a mere 
routine which anyone with elementary knowledge of genetics 
could undertake. This might be true to some extent because of 
the natme of material one is dealing with in a country like India. 
That still greater achievements in plant breeding have not been 
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recorded in India, might be attributed to the fact that the nature 
of the material available to the breeder was not correctly under- 
stood and too much emphasis was laid on purity of character, 
morphological and economical. It is desirable for a plant breeder 
to have a sound knowledge of the advances in genetics and 
cytology though he may not yet be in a position to utilize all such 
Imowledge in his every-day work. That more tangible results 
have been obtained in some provinces than in others might be 
partly attributed to the fact that breeding work was carried on 
side by side with genetical studies and alk) perhaps to better 
technique employed. 

V. Genetics in Relation to Plant Breeding. 
i. Qn/antitative inheritartjce. 

The advance in genetics as applied to the quantitative charac- 
ters and what influence this is likely to have in plant breeding 
technique is dealt with here. It is true that new conceptions of 
multiple factors, quantitative inheritance, transgressive segrega- 
tion, factor combination and inhibition have been invoked, but 
these have helped but little in practical plant breeding. The 
study of the inheritance of quantitative characters is intimately 
associated with applied mathematics and it is this that has 
practically scared away earlier geneticists and plant breeders 
from undertaking such studies. The application of statistical 
methods to living things is known as biometry and has developed 
into an important branch of biological investigations. Biometry 
is a necessary mathematical tool for dealing with the inheritance 
of quantitative characters and no modern geneticist can make 
much progress without a good grasp of this branch. As was 
pointed out in an earlier section, the variations on which breeder 
has to work are of two kinds, environmental and genetic, and it 
is only when the latter component forms a substantial portion of 
the total variance, selection can be effective and the problem he 
has always to face is to reduce the environmental variance to the 
minimum by suitable technique. In the case of hybrid progenies, 
the classical method of selfing and selecting from F2, P3 and 
so on, has been the chief method followed and has proved 
successful in cereals, wheat, rice and also in cotton. As practi- 
cal examples of successes in this Hne are rice strains evolved 
combining yield and strength of straw, yield and resistance to 
paddy blast, and jdeld and shorter duration, etc., in Madras. 
Similarly, the case of strains evolved recently by the cotton 
specialist, Coimbatore, combining yield and flne and long lint in 
Cambodia cotton may bo mentioned. But such achievements 
have been brought about not with the definite knowledge of 
the inheritance of the particidar characters whose combina- 
tions have formed the end in view. Can the geneticist 
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suggest more rational methods of what to select and how to 
select in the hybrid progenies and give information on the 
genetic variance involved in the different generations starting 
from the F 2 ? A beginning has been made at Indore to answer 
these questions with regard to cotton and I should refer to the 
work of Dr. V. G. Pause who has just published the first results 
of this study (1930a, 19406). Because of the special statistical 
methods involved, the work was carried out with the suggestions 
and guidance of ^of. R. A. Fisher. The quantitative character 
studied was lint length which is one of the important and at the 
same time complex character in cotton, in crosses among 
O. arbareum types. 

He has shown from theoretical considerations that the 
genetic portion of the variance in a population can be estimated 
by growing a set of progenies from individuals belonging to that 
population and taking the regression of progeny means on 
parental values. This is an important result, for, as has been 
stated before, the capacity of a population to show immediate 
response to selection depends on its genetic variability. The 
genetic variance in the F 2 population of crosses between C. 520, 
Malvi and Bani was estimated and is shown below: — 


Cross. 

Total 
variance 
in Fg. 

Genetic 

variance. 

Non-genetio 

variance. 

C.520 X Bani 

301 6 

1 -.543 

1*472 

C.520 X Malvi 

3-273 

1*576 

1*697 

Malvi X Bani 

2-416 

0*376 

2*041 


In the first two crosses, nearly half of the variance is 
genetic, but in the third cross it is only fifteen per cent, of the 
total variance. While the bulk of the non-genetic variation 
would be environmental, the presence of dominance and other 
interactions between factors would also contribute to it. The 
effect of non-genetic variability, whatever its source, would 
be to retard the progress made by selection. 

In populations with the same amount of genetic variability 
the degree of improvement achieved by primary selection will 
also be the same but the response to secondary and later selections 
will be determined by the genetic constitution of the character, 
namely, the magnitude and number of factors involved and 
their dominance and epistatic relations. With only a small 
number of factors, the possibility of further improvement by 
selection will soon be exhausted, whereas with a larger number, 
selection can be continued profitably much longer. As the 
variation is continuous and the individual genotypes cannot be 
recognized, unlike in simple qualitative characters, only a statis- 
tical approach is available to study these questions. It does 
not mean, however, that the estimation of genetioal variance and 
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the number of Mendelian factors involved will straightaway 
solve the difficulties of the breeder, but if genetics is to play its 
part in the art of plant breeding such studies are essential. 

.. „ . 

u. Heterosis; 

It is within the experience of every plant breeder that the 
fiupst generation hybrid is more vigorous than the parents 
and such vigour disappears gradually in successive generations, 
and it is to this phenomenon that the term heterosis has been 
used. We need not go into the theory of heterosis, but it is 
enough to state that the problem of heterosis is the problem of 
the inheritance of quantitative characters. The heterosis 
efiFect has been demonstrated in crops with regard to several 
economic characters and the greater the gap in the relationship 
between the parents crossed, the greater the expression of 
heterosis. Can the plant breeder make use of the heterosis 
in his work ? In vegetatively reproduced crops like sugarcane 
and potato, when once the cross has been made, the vigour 
associated with the h37'brid can be maintained almost indefinitely. 
In oases where hybrid seeds can every time be produced 
in sufficient quantities to raise a field crop, the phenomenon 
is of benefit even in crops with sexual reproduction. This 
has been possible in maize and the advance in maize breeding 
in U.S.A. is nothir^g but the exploitation of this principle. 
Hybrid maize is the most outstanding example of the influence 
of theoretical scientific research in revolutionizing the production 
practices of an agricultural crop. The same principle is being 
applied recently to breeding sugar-beet crop in Sweden. The 
only grain crop of India in which the breeding principles applied 
to maize, can be used is hajra (Pennisetum typhoideum), but no 
serious breeding work has yet been taken up in this. In breeding 
self-fertilized crops on the other hand, the expression of heterosis 
in any considerable magnitude is bound to arrest progress in 
selection. In the example of the cotton cross discussed in the 
previous paragraph, the portion shown as non-genetic variance 
would include the effect of heterosis. It must be stated in this 
connection, that it is so difficult to analyze the non-genetic 
variance apart from the fraction due to environmental effect 
into components due to dominance, heterosis, epistaoy, etc., as 
they are all interrelated to each other. 

iii. Physiological and Genetic Correlations, 

Another aspect of genetics in which more critical research 
should prove useful to the plant breeder, is with reference to 
characters that show physiological or genetic correlations. It 
must be within the experience of every plant breeder that se- 
lection for improvement on a particidar character results in 
improvement only up to a point. Beyond that, gains are com- 
pensated by depreciation in other characters, Tliere is evidence 
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of several physiological correlations in crop plants like cotton, 
rice, and wheat. In developmental studies with cereals like 
rice and jowar in India, the correlation between yield and other 
characters like size of ear, height of plant, tillers, etc., have been 
extensively studied and recorded. To discuss a few of these in 
rice, the height of the plant is very highly correlated to duration 
(Bamiah, 1933) so that as a general phenomenon, late duration 
varieties are likely to be taller than short duration ones. Natur- 
ally this would set a limitation to obtaining a very short stature 
type with a long growing period and vice versa^ though there is 
lUiely to be a wide margin for variability in height or duration 
within the two groups considered separately. Similarly, a correla- 
tion is found to exist between yield and duration in the rice crop 
which may vary anything from 3 to 8 months. Generally under 
South Indian conditions the best yielders are those that have a 
medium duration of, say, 5 to 5^ months. Though varieties 
of shorter duration, 3 to 4 months, are sometimes found to give 
high yields of 3,000 to 4,000 lbs. of grain per acre under particular 
conditions of soil and climate, they are generally not so heavy 
yielding as the later duration types. Varieties of over 6 months 
in duration, which people are obliged to grow because of certain 
special conditions in a particular tract, are generally also not 
very heavy yielders. That this relation is physiological can be 
seen from the series of experiments that have been conducted 
with them in Madras (Bamiah, 1937). Since these long-duration 
varieties are generally season limited, any reduction in age 
beyond a certain minimum brought about by unseasonal planting 
reduces their yield potentiality. Now the question is whether 
a very high yield associated with a variety of, say, 5 months’ 
duration can be combined with an early duration of 3 months. 
Experience in Madras would appear to show that breeding for 
such an end in view should prove a waste of time and effort. 
There was an interesting case in rice where an attempt to combine 
a packed arrangement of the spikelet on the panicle with a 
medium size of the grain ended in failure (Bamiah, 1931&). 
The close packed arrangement was always associated with a 
small grain. The correlation here may be either physiological 
or simply structural. The case of the cross in rice to combine 
panicle length and clustering of spikelets may also be mentioned. 
Combination of length in the panicle with the clustering of the 
spikelets proved impossible (Bamiah, 19316, 1. c.). 

There are more chances of the breeder achieving his end, if 
the character combinations he is after, are genetic rather than 
physiological. In the case of cotton, within 0. arhoreum species 
there are types with very high ginning percentage, but with lint 
of very poor quality, and types with poor ginning but with 
finer and longer fibre. The cotton breeder woxdd like to combine 
these two characters as high ginning and longer fibre both 
contribute to a better price being obtained by the cultivator 
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for his produce. Though critical evidence is lacking, it may 
be stated from the results of breeding data available, that it is 
not possible to combine the two characters beyond a certain 
limit. To get critical data bearing on the point, an experiment 
has been going on for the last three years in Indore which may 
be referred to here. In the F 2 population of the crosses between 
C. 520, Malvi and Bani, plants with the highest and lowest 
values of ginning percentage and with the highest and lowest 
values of lint length were selected and F 3 progenies grown from 
these. The correlation coefficients between the mean values of 
the progenies for ginning percentages and lint length are: — 

C. 520 X Bani .. -0-254 
C. 520 X Malvi .. -0-425 
Bani x Malvi .. -0-286 

AU the three coefficients are negative but insignificant. 
The combined correlation coefficient is -0-324, which just 
falls short of significance on the 5 per cent level. This small 
negative relation between giiming percentage and lint length 
is reflected in progenies selected for high ginning percentages 
having a slightly lower lint length than those selected for low 
ginning. It is probable that this negative association is genetic 
rather than physiological, because no such consistent relationship 
is observed between the ginning percentage and lint length of the 
individual parental plants of these progenies. The fact that the 
processes of lengthening and thickening of the cotton fibre do 
not take place simultaneously also supports the conclusion that 
the relationship is not likely to be physiological. 

Cases of several correlations between morphological and 
quantitative characters have been recorded in cotton and rice 
and to have an idea of the scope of such correlations the 
following few may be mentioned here : — 

Cotton: — ^between corolla colour and lint length; between 
corolla colour and lint index (Hutchinson, 1931); 
between red plant body and length of vegetative 
period (Leake, 1914), and lint colour and lint length 
(Kottur, 1923). 

Rice: — ^between sterility and growing period (Ramiah, 
1931a); between anthocyanin pigment and yield 
(Ramiah, 1933 1. c.); between anthocyanin pigment 
and tillering (Ramiah, 1935) and between colour of 
grain and weight of grain (Parnell et ah, 1922). 

Such studies in other crops should prove very useful to the 
plant breeder. 

iv. Use of * DUcrimimrU function*. 

In very recent times the question of the use of ‘discriminant 
function*, first suggested by R. A. Fisher (1937) in plant breeding 
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has been brought in. The only paper we have relating to the 
subject is that of Fairfield Smith (1937) which relates to wheat 
and he comes to the conclusion that with a number of lines 
derived from a ‘composite hybrid mixture \ initial field selection 
for yield might be made on the basis of the size of the grain. 
In simple language the principle may be explained as below. 
In every crop the yield could be divided into a whole set of 
different features as for example^ the number of ears, the number 
of grains per ear and the weight of the individual grain in cereals 
like rice and wheat. The analysis of yield might show that 
certain of these attributes are more variable due to environ- 
mental conditions than others, and in basing selections for yield, 
more weight should be given to such an attribute that shows less 
variability due to environment. The principle is perhaps not 
new as the developmental studies initiated by Prof. Engledow 
in Cambridge did take into consideration the yield attributes in 
making selections, but no systematic experiment has been made 
on the points. In rice breeding also such attributes of yield as 
tillering, ear size and grain size have been used successfully. 
A necessary requirement for the use of a disorimmant function 
is experimental data to determine what measurements are least 
affected by environmental fluctuation. In cotton for instance, 
there are several characters which are components of yield such 
as boUs per plant, seed cotton per boll, seeds per boU and lint 
per seed. Though from experience it may be stated that some 
of the above attributes like bolls per plant were much more 
variable than others, an attempt is being made in Indore to get 
experimental data to see how fkr we can use the ‘discriminant 
function’ in cotton breeding. 

V. Wide Crosses, 

The problem of the wide crosses and study of the range of 
variability in crop varieties may be considered at this stage. 
This has come to the forefront because of the work of Vavilov 
and other Russian botanists and because of the great advance 
made recently in the study of polyploidy. One often hears of 
the necessity to have a wide collection of types for use in breeding. 
So far as India is concerned, the point has got its possibilities as 
well as its limitations. For instance in cotton, India being it- 
self the home of one of the most important species 0, arboreum, 
with several secondary centres of origin (Hutchinson and Ghose, 
1937a), there is nothing probably to be gained by bringing in 
new collections from outside so far as this species is concerned. 
But the demand for producing better quality cottons in India 
is sometimes considered capable of solution by the increase in 
the cultivation of Cambodia or Upland cotton (Bamanathan, 
1938). All the types of this cotton that are now being grown 
extensively are the relics or acclimatized types of Upland 
Americans introduced from America in earlier years. Selection 
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from the introduced types of America has not been very fruitful. 
No material from the original source with plenty of genetic 
variability has been tried and it is possible that in its original 
home types may be available that may prove suitable to tracts 
in India which do not grow this cotton now. It is from this 
point of view that an extensive collection of material from 
the original source might prove of interest. Similarly, intensive 
attempts by breeders to improve O. herbaceum cottons of India 
have led to the same inference that material from outside India 
should be introduced (Ramanathan, 1936). 

With regard to rice, there is plenty of variability to be 
found in the various parts of India and there appears to be no 
justification for introducing variable material from outside. 
There are still several unexplored regions within India itself 
and work in Coimbatore has shown that such exploration 
is bound to give the breeders new species, still undeter- 
mined, which may be useful to them. The importance of wide 
crosses particularly with wild types is receiving increasing 
attention and the results of such work elsewhere and in India 
too have been useful in introducing into the cultivated types, 
characters such as hardiness and resistance to diseases wliich 
are usually present in wild forms. From this point of view, 
collection of wild types is certainly desirable and it has proved 
of practical importance in sugarcane already. Similar results 
are expected in potato also. Exploration of wild types parti- 
cularly in the improvement of fruit has not received any attention 
it deserves in India, though North East India is known to be 
the original home of certain citrus types. 

Though there has not been much of genetical work as 
related to wide crosses in India itself, workers in India have not 
failed to make use of the knowledge accumulated elsewhere 
in attempting wide crosses. More from the scientific point of 
view, some years ago a programme of crosses between different 
species of rice was undertaken in Coimbatore. Some of them 
had proved of cytological interest and in throwing light on the 
phylogony of rice (Ramanujam, 1938), (Parthasarathy, 1939). 
It is interesting to note that the progenies of one interspecies 
cross 0, aativa x O, longistaminata has given some material of 
economic value. In one of the papers contributed to the 
agricultural section of this year (Sreenivasan et aL, 1941) is 
recorded the obtaining of drought resistant strains from the 
above cross. It is quite likely other interspecies crosses might 
also give useful breeding material. 

Regarding interspecies crosses in cotton though crosses 
within the Asiatic species and within the New World species are 
practicable and have been extensively tried, there is no record 
to show of any valuable material having been obtained from such 
crosses. Harland’s work (1932) has shown that crosses can 
be effected between the two Asiatic species and between the 
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two New World species, but homologous characters are built 
up in such widely different ways in them that the genetic 
balance is usually disintegrated by segregation in F 2 and later 
generations. He has, however, shown (1936) that it was possible 
to transfer single genes or small groups of genes from one species 
to the complement of the other, but not breeding of intermediate 
types. This is achieved by the technique of repeated back 
crossing and one of the recent cases where a success has been 
reported (Knight and Clouston, 1939), is a cross between 
O. hirsutumxO^ barbadense where the resistance to ‘blackarm’ 
in one of the strains of the former has been transferred to a t37pe 
of the latter using the above technique. The crosses between 
the Asiatic and American species are still wider since they in- 
volve differences in chromosome number as well. But even such 
wider crosses have not soared away plant breeders and have 
been made in Russia and recently in India as well (Amin, 1940). 
The knowledge about the use of colchicine in doubling chromo- 
somes has encouraged these attempts and since the work is still 
in an experimental stage, nothing can be stated definitely about 
its economic possibilities. 

In fact, the lead in the attempt at wide crosses has come 
from India particularly in sugarcane, due to the enterprise of 
Bao Bahadur Venkatraman. Ho has succeeded in making such 
wide crosses as between sugarcane and sorghum and more recently 
even between sugarcane and bamboo. The latter work, though 
still in its infancy, appears to show enormous possibilities of 
improving the sugarcane crop. It must be remembered, how- 
ever, that sugarcane is a vegetatively propagated crop and the 
difSculties of further selection are absent. 

In rice where all the cultivated forms are grouped under 
one single species with the same chromosome number, there 
are geographical races which differ in their chromosome make up. 
Grosses among such races are possible and have been repeatedly 
made in spite of initial difficulties in several cases, but still there 
is no record of any considerable practical success having been 
obtained by such crosses anywhere. The case is, however, dif- 
ferent in cotton where different races of O, arboreum and O, herba^ 
ceum exist with the same chromosome numbers and hybridization 
among them within the species has given results of practical 
value. 

vi. lAmitaliona in tvide crosses. 

With our present assumption of a large number of genes 
controlling quantitative characters, one should expect to get all 
possible combinations of characters in the Fg and later genera- 
tions provided, a sufficiently big population is grown of them. 
Recent work by E. Anderson (1939a and 6) on the point is very 
illuminating. He has shown by experimental data in a species 
cross in tobacco that, however manifold the recombinations might 
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seem, they are in reality but a small proportion of the pos- 
sible recombinations of the parental species. He discusses the 
powerful restrictions to character recombination in F 2 under 
four heads : gametic elimination, zygotic elimination, pleiotropy 
and linkage. - Every plant breeder must be quite familiar with 
gametic and zygotic eliminations in crosses between species or 
races which manifest themselves by pollen sterility and non- 
viability of seed produced. The question of pleiotropy where a 
single primary effect of a gene results in manifold effects on the 
development of the plant has not received as much attention as 
it probably deserves. Recently we have been studying in Indore 
the pleiotropic effects of one of the genes that is responsible for 
lintlessnesS in cotton. The homozygous lintless type is a much 
shorter plant with suppressed internodes, somewhat late in matu- 
rity and with a definitely different groviih rate as compared to the 
linted type. The lintless type has also shown variations in its 
survival according to the environmental conditions. The large 
number of genes controlling quantitative characters located in 
the various chromosomes should, as shown by Anderson, be closely 
linked because of the restricted number of crossovers possible 
in the chromosome. It is definitely proved that in spite of the 
variations from plant to plant in the hybrids as a group, the 
characters of the parental species or races tend very strongly to 
stay together. The above findings have an important bearing 
on plant improvement. In this comiection mention might be 
made of a serious effort made in Coimbatore over a series of 
years to obtain a valuable combination of characters found in 
different races of rice. One of the types originally imported from 
Java had a special characteristic of very long ears, about twice 
the length of any to be found in the local types but the length 
was compensated in this variety by extremely poor tillering, i.e. 
fewer heads per plant. The attempt made was to combine the 
ear length of this variety with a greater number of smaller ears 
in another standard strain. The cross was carried on up to 
Fg and Fiq selecting from each generation in the usual way and 
ultimately when the final selections were compared against the 
local strain, they failed to approach the yield of the latter. It 
is known that tillering and ear length must be controlled by 
several factors and the failure of the attempt to synthesize this 
desirable combination only show^s that such a combination, high 
ear number of one parent with the length of the ear of the other 
parent did not occur in the cross. We should probably have 
been content in this cross with an intermediate tillering and 
intermediate size of ear. As Anderson has pointed out the 
most efiScient way of achieving the desirable combination 
would have been to make crosses among selections which 
are most like one of the parents in ear length with those 
which are most like the other parent in ear number. In this 
comiection another interesting cross in rice which has been 

as 
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attempted in the United Provinoes might be mentioned (Sethi 
et al,^ 1937). The problem of rice fly ii^estation is important in 
this tract and trials are being made to get over the difficulty by 
producing tyi)es with enclos^ earheads by crossing the ordinary 
type with another sathi type, where the earhead remain's enclosed 
inside the leaf-sheath (cleistogamous). The sathi rice is a very 
poor yielder and hsiS a coarser grain, but cultivators grow it for 
this one character of its escaping the attack of ear fly. The 
cross has been carried up to Fg or Fg generation and types with 
enclosed ears have been obtained which are an improvement over 
the sathi rice, but not comparable to the normal type in yield. 
The inheritance of the enclosed ear tjrpe has been studied and 
found to be of the multiple factor type and it is quite possible 
greater progress might be achieved by crossings among selected 
types, those approaching the sathi parent in ear character and 
those approaching the normal type in yield from the hybrid 
generations. This is probably a definite case where advances 
in genetioal knowledge could be put to practical test in econoraio 
plant breeding. 

VI. Maintenance oe Pokity of Stkains. 

The question of the deterioration of strains once fixed and 
released for distribution to the cultivators might be considered. 
It is a usual complaint from cultivators that a strain, though 
known to give a good performance to begin with, deteriorates 
after a period of time. Such deterioration where it is proved to 
exist may be either due to non-genetic or genetic causes. In spite 
of the fact that sugarcane is a vegetatively propagated crop, the 
deterioration of the Coimbatore types intensively cultivated in 
the United Provinces can, from the data available so far, be shown 
to be due to greater incidence of pests and diseases because of 
the faulty agricultural practices, namely, the growing of the 
crop repeatedly without sufficient rotation in exhausted soils. 
In the case of self-fertilized cereals like rice and wheat, so far as 
simple (selections) pure lines distributed by the Departments 
are concerned, there is no evidence of such deterioration. 
Once, seed of a strain of rice (GEB. 24) in Madras was obtained 
from the district where it had been distributed four years 
previously and in an experiment at the central station no 
sign of deterioration could be found. It must be pointed 
out, however, that the seed was to all practical purposes 
as pure as the seed of the ex^rimental station itself. A 
simflar result was obtained in Coimbatore with regard to 
Co. 2 cotton strain (Bamanathan, 1937). Dr. Shaw (1935) men- 
tions a case where one of the Plisa strains of wheat had been 
declared to have deteriorated, but he found the seed obtained 
from the locality to have been badly mixed up with other types. 
Fairfield Smith (1938) has mentioned a case in America whero 
233 
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some of the wheat strains from Turkey Red Wheat which wero 
very much better than the control to begin with ultimately 
came down to the level of the control after some years. While 
deterioration due to the strain getting mixed up with other 
inferior strains in the course of cultivation by growers is beyond 
the scope of the breeder’s work, deterioration due to genetical 
causes comes within the breeder’s purview. In the case of 
cotton when once a strain has been released for distribution, the 
only thing we know is that the genetic variance has been reduced 
to such an extent as not to be detected by ordinary methods of 
plant breeding, but there can still be sufficient genetic variability 
iefb in the material which can exhibit itself in course of time. 
Though experimental proof is not available, it is possible that 
in quantitative characters controlled by a very large number of 
genes, there may be small mutations (East, 1935) and such 
mutations can result in deterioration. If the residual genetical 
variability left in the strain is such that the strain consists of 
genotjrpes some slightly better than others, deterioration can 
result by the gradual increase of the poorer ones. By the 
adoption of a small replicated progeny row test at the breeding 
station every year, we can weed out poorer genot 3 rpe 8 from the 
material. Such deterioration due to genetic causes is known to 
exist even in self-fertilized cereab where the strains are from 
hybrids. Such strains are known to throw ‘off-types’ after 
some generations (Engledow, 1933) and the gradual deterioration 
in this case might be attributed to a residuum of impurity and 
the decreasing percentage of heterozygosity from generation to 
generation. In progenies of wide crosses such ‘off-types’ 
might occur due to cytological causes, losses in chromosome 
segments or even whole chromosomes (Love, 1939). It follows 
therefore that a well-organized scheme of seed multiplication and 
distribution must be continuously kept up. A nucleus must 
always be maintained at the breeding station to form the 
primary source for multiplication. The Cotton Committee have 
recognized this principle and are actually financing schemes for 
maintaining nucleus of cotton strains evolved at the breeding 
stations. 

VII. Organization of Genetical Research. 

In the preceding pages a brief outline of the plant breeding 
and genetical work in India has been given and indications 
made in what aspects the advances in genetical science can 
influence plant breeding practices. Plant breeding as hi^ 
been pointed out already has a deflnite utflitarian end in vi6W> 
namely, that the cultivator must get something more than what 
he gets now by growing the new variety put out by the plant 
breeder. This is, in fact, the touchstone for the ultimate success 
or failure of any plant breeding programme. The attempt 



356 JVoc. 28th I.S.C. : Part II : Presidential Addresses. (26) 


of the breeder to find something better than the existing one 
is, from its very nature, a never-ending scheme and hence the 
research has to go on continuously. Unlike other aspects of 
agricultural research, plant breeding work is capable of giving 
returns, several times that of what is actually spent on it and 
there is also the additional advantage of the results of plant 
breeding research being taken up re^ily by the cultivator as 
it involves no addition^ expenditure on his part. 

Though the advances in genetical science have come mainly 
from the work in organisms of no economical value like 
Drosophila, Oenothera, Datura, etc., so far as India is concerned, 
the little genetical work that has been done is all related to 
agricultural crops. A great deal of genetical work even in these 
crops yet remains to be done. \^ile part of it may be of 
practical value, it may include also other aspects which would 
simply add to our knowledge of these crop plants. The latter 
might be called basic research in genetics, and there must be 
some organization to carry on this work. The crop botanists of 
the provincial departments of agriculture have always got the 
pressing problem of producing improved t 3 rpes by ordinary 
breeding to replace existing types of crops and all of them cannot 
undertake problems of basic research either for want of time or 
want of facilities. Autonomous bodies created for individual 
crops like the Indian Central Cotton Committee for cotton have 
recognized the importance of such basic research. This body 
is financing a genetics research scheme in cotton. This basic 
research carried on at Indore is concerned mainly with one 
aspect, namely, research that has a direct bearing 6n plant 
breeding technique. The Jute Committee which has recently 
come into existence is expected to do for jute what the Cotton 
Committee is doing for cotton. The imperial department of 
agriculture formerly at Pusa and now in Delhi is doing a con- 
siderable amount of plant breeding work of practical value 
and also a certain amount of basic research on genetics of crops. 
The Imperial Council of Agricultural Research is the other body 
created as a result of the recommendations of the Royal 
Commission on agriculture that can arrange to see that 
such basic research in crops is carried on. The finances 
available with this body have been rather limited previously, 
but due to the passing of the Agricultural Produce Cess 
Bill recently, there is likely to be considerable improve- 
ment in the near future. This body has spent during the 
last 10 years (1929-30 to 1938-39) a sum of about 25 lakhs 
of rupees on crops generally, including all aspects of research 
besides another sum of about 16*5 lakhs on sugarcane alone. 
Of the former amount, nearly 50 per cent, has been devoted to 
financing schemes of rice research in provinces. This amoimt 
spent by the Imperial Council of Agricultural Research on crop 
research is in addition to what the provinces and States are 
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spending from their own budgets. It will still be worth mention- 
ing that what is spent on this research in India, considering the 
si25e of the country, variety of crops and problems, will not 
compare favourably with what is spent on similar work in 
countries like Japan and Egypt. Towards plant breeding and 
genetical research, the former spends about 28 lakhs of rupees 
and the latter 6 lakhs of rupees annually. Looking into 
the nature of the schemes financed by the Imperial Council of 
Agricultural Research with regard to crops, with the exception 
of a few which can be termed basic research, the majority of 
them are of a routine nature, ordinary plant breeding schemes. 
Some of them are schemes either on new crops, for example, 
fruits, where no systematic work had been done previously or 
on crops which certain provincial departments of agriculture had 
not done any work on previously in spite of their importance 
to them. With regard to rice, a certain amount of basic research 
has been done under the schemes, but the bulk of them have 
dealt only with problems of local interest, namely, evolving 
improved strains out of local varieties in the provinces. Even the 
programmes of basic research, I am referring only to genetics here^ 
have not generally been on any preconceived and co-ordinated 
plan. There is no doubt that with greater co-ordination, more 
valuable results might be achieved. One example of what 
a good co-ordinated scheme of basic research can be, might 
be mentioned from America. Maize (corn) is the most important 
cereal of the country, perhaps not more important than rice 
to India, and every University or State Agricultural College 
is doing some work on the crop. In 1928, Corn geneticists 
initiated a systematic study in which each of the 10 chromosomes 
of Corn was assigned to workers in different institutions. This 
co-ordination of effort has eliminated much duplication and 
has speeded up the research programme to a remarkable extent. 
The inheritance of over 350 genes has been studied and their 
position in individual chromosomes has been determined. 

Due to the initiative of the Imperial Council of Agricultural 
Research, methods of describing crop plants from the genetical 
point of view have been standardized with regard to the two 
crops, cotton and rice (Hutchinson and Ramiah, 19386), and 
similar work is in progress with regard to other crops also. 
When the available material has been actually described according 
to the methods prescribed, it should go a long way in helping 
the breeder to understand the material available with his 
colleagues in other parts of India. 

\^en the problem of plant breeding work in India was 
discussed before the Crops and Soils Wing of the Board of 
Agriculture in December, 1937, it was considered that plant 
breeding research may have to be carried on at several centres 
partioul^ly in crops with limited adaptibility, examples rice 
and cotton, but that basic research shoidd be confined to one or 
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two selected centres only. Involved with the question of basic 
research is the question of crop introduction. The question of 
the formation of the Bureau of Plant Introduction under the 
auspices of the Imperial Council of Agricultural Research had 
alr^dy been discussed at two meetings of the Board of 
Agriculture, 1936 and 1937, and the principle has been accepted. 
Now that the finances of the Imperial Council of Agricultural 
Research are likely to be augmented, the question of the starting 
of an organization on the model of the Bureau of Plant Industry 
in United States of America might be considered. This bureau 
in America which works with headquarters at Washington has 
got on its staff a large number of eminent men on the different 
branches of crop research, and such men not only co-ordinate 
the various items of research in the different States, but also 
place at the disposal of workers or bring to the notice of workers 
of achievements in their branches recorded elsewhere. The 
Bureau is also in charge of the introduction of crops and plants 
into the country and arrange for their tests in suitable centres 
in co-operation with individual States. The Bureau also under- 
takes, whenever necessary, to send individuals and expeditions to 
various parts of the world to collect material of value for breeding 
purposes. Will it be too much to expect that a beginning on 
this model will be made in India ? 

While the advances in the science of genetics have been 
dealt with chiefiy with reference to crops, the principles are 
of equal application to animals as well. The principles of 
genetics have hardly been utilized in the breeding of stock in 
India and I do not know whether genetics is ever taught to the 
students of the Veterinary Colleges. There is still another 
aspect of genetical science as applied to human race. The 
science of biometry in its application to genetics has been 
responsible for all our present-day knowledge on human in- 
heritance (Eugenics). I am not sure that sufl&cient attention 
is paid to the teaching of eugenics to the students in any of our 
several medical colleges in India. A rough idea of the develop- 
ment of genetical science along diverse lines can be had from the 
papers that were contribute to the Seventh International 
Congress of Grenetics held in Edinburgh in 1939. There were 
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Vin. Gbnbtioal Work and Univbbsitibs. 

Before I conclude I should like to say a few words about 
our Universities. There are seventeen Universities in India, 
almost all of them having affiliated colleges teaching up to 
Honours degree in biology but not one can still boast of a chair 
in genetics. The Honours students in Botany do, I believe, 
receive a few lectures on principles of Mendelism, but whether 
they get anything beyond that is very doubtful. Recent 
advances in genetics have had a profound effect on our knowledge 
of taxonomy and ecology, but still it is doubtful if students are 
made to get a grasp of such principles in their taxonomic studies, 
which, so far as I know, still form a big portion of the botany 
syllabuses in the colleges. It is a point worth considering 
whether the taxonomical syllabus should not be cut down a 
little and the same substituted by genetical studies on agricultural 
crops. Even in connection with the taxonomical studies in 
the Universities, botanical excursions to key regions of agricul* 
tural crops and plants in co-operation with the crop botanists 
could be usefully undertaken. There is a wide field for this 
work in India particularly with our important crops, rice, 
sugarcane, fruit trees, etc. 

There is one branch of botanical research in which several 
Universities have got competent Professors to undertake and 
guide research. I am referring to cytological research. Prom 
what has been said in the earlier portions of this address, it will be 
evident that most of the latest advances in genetics have come 
from cytological research. StUl most of the cytological work 
done in India refers either to the embryosac development in 
some unimportant plant or determination of chromosome 
numbers. Tlie plant breeders in the course of their work 
come across various problems necessitating intensive cyto- 
logical studies which can easily be undertaken in the Uni- 
versities. In some cases where crop botanists are making funda- 
mental studies on their crop, they have their own cytological 
sections, but still I feel that this is a branch of botanical research 
in which the agricultural departments and the Universities 
can well co-operate in the interest of maximum output in the 
country. In recent times there have been a large number of 
brilliant young men who have gone abroad for intensive cyto- 
logical studies and returned to India. Surely it should be 
possible to make use of these men in this work. Even in other 
branches of botanical research, physiological genetics, for 
example, such a co-operation between crop botanists and 
Universities should prove extremely beneficial. I am mention- 
ing the above points not with an idea of criticizing the 
botanical work in the Universities, but to draw attention to the 
necessity for a change in the outlook. I am sure the difficulties, 
if there should be any, against such co-operative work, could 
be got over by personal contacts of individual interested in 
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common problems. The Imperiid Ooimoil of Agricultural 
Research, when it was first formed, did have as one of its objects^ 
bringing about a greater co-ordination between agricultural 
departments and Universities and it has succeeded to some 
extent in the attempt. Two instances of such successful co- 
ordination may be mentioned in this connection, namely, the 
rust work in wheat, and the general statistical work as applied 
to agricultural experiments. Let us only hope that such heidthy 
contacts between workers in the 4sgricultural departments and 
the Universities will be brought into effect in an ever-increasing 
measure, resulting in a greater output of basic research in the 
country, 
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SECTION OF PHYSIOLOGY 

President : — ^B. B. Dikshit, Ph.D., M.R.C.P., M.B.B.S., D.P.H. 

Presidential Address 


{Delivered on Jan, 4, 1941) 

SOME OBSERVATIONS ON SLEEP 

I must first thank the Indian Science Congress Association 
for inviting me to be the President of the Physiology Section 
this year. It is usual on occasions like this, especially for one 
whoso official designation is a ‘Pharmacologist’, to say that the 
invitation was accepted with a good deal of diffidence and hesi- 
tation. I had no such hesitation in accepting this honour 
because I do not think there is any difference between a pharma- 
cologist and a physiologist. Sir Henry Dale, Prof. Otto Loewi, 
Prof. C. F. Heymans are often designated as pharmacologists 
and yet they won the Nobel Prize for work in experimental 
physiology. Profs. A. J. Clark, J. H. Burn, J. H. Gaddum 
and E. B. Verney are some of Great Britain’s distinguished 
physiologists though all of them occupy Chairs in Pharmacology. 
Here in India one of my distinguished predecessors. Col. R. N. 
Chopra, has also been officially designated as a pharmacologist 
and yet he has contributed more to experimental physiology in 
this country than any other single individual. 

I did, however, hesitate to accept the honour because my 
own contribution to experimental physiology is limited. More- 
over, I have chosen for this address a subject wlxich has its 
basis on this limited experimental work. I was encouraged to 
do so by the remarks of our distinguished President of last year, 
Prof. Birbal Sahni. In the very beginning of his presidential 
address Prof. Sahni says : ‘ When a man of science accepts the 
position of honour in which I find myself this evening it is usually 
understood that he undertakes, among other things, to engage 
a large public audience, having the most varied pursuits in life, 
on some topic of general scientific interest. At the same time 
he is expected to have at least something to say that he can claim 
as his own and, what is more, to say it in plain language.* I 
hope that what I am going to say to-day will interest a sufficient 
number of young physiologists who have assembled here to 
induce them to pursue these investigations further. 

The subject of this address is ‘Some Observations on Sleep’. 
In spite of the immense strides that experimental physiology 
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has made during reoent years, it must be admitted that the 
problem of sleep remains to this day unsolved. The phenomenon 
of sleep has, however, been investigated by a very large number 
of workers from various points of view. Observations on the 
physiology of sleep have been numerous. Almost every organ 
of the body has been studied and its relative behaviour in sleep 
and waking state compared. I do not propose to discuss here 
the various aspects of sleep that have been studied, important 
though they are, because such an attempt will require several 
hours. Most of the literature on sleep is in Grerman, some in 
French, comparatively little in English. A complete review of 
the literature before 1913 is given by Pieron in his work ‘Problem 
du Sommeir and most of the literature in the next fifteen years 
has been admirably summarized by Kleitman in his monograph 
on ‘ Sleep ’ publish^ in the Physiological Reviews. A very impor- 
tant contribution to the various aspects of the problem of sleep 
has been made by Viennese School of Scientists in their publi- 
cation ‘Der SchM’ edited by Sarason. I shall, therefore, refer 
to the literature only on those points which concern us directly 
in our discourse this morning. 

Physiological changes during sleep 

I shall begin by making a few observations on the physio- 
logical changes that occur during sleep. I propose to refer to 
oidy four points, viz., circulation, respiration, muscular move- 
ments and sweat secretion. 

(a) Circulation : 

A number of observations have been made on the heart rate 
and blood pressure during sleep and the generally accepted view 
seems to be that the rate of the heart and the level of blood 
pressme are lowered during sleep. Brooks and Carrol (1912) 
for example observed 127 patients and found that in most of 
them there was a fall in blood pressure attaining the lowest level 
1 or 2 hours after the onset of sleep. It is interesting to note 
that their patients who were ‘resting’ but not ‘sleeping’ did not 
show the same degree of fall. Simfiar results were obtained by 
Mueller (1921), Mao William (1923), Shepard (1914), Landis 
(1926), and others. A reduction in the rate of the heart has also 
been observed by several workers. Edewitz (1913) found a 
reduction of 14*8 beats per minute in the rate of the heart during 
sleep while Kanner (1926) found it to be 13*2, Lowering of the 
pulse rate has been observed by other workers also (Weiohmann 
and Bamberger, 1924; Mac William, 1923; Boas and Weiss, 
1929). It must be stated, however, that such reduction in heart 
rate and level of blood pressure cannot be found if sleep is 
disturbed as for example by dreams. 

Althou^ there is a general agreement that the blood pres- 
sure falls during sleep, there is no evidence to show that this fall 
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causes sleep by producing cerebral anaemia. Howell (1897) 
was one of the early supporters of the cerebral anaemia theory 
of sleep. Shepard (1914), however, made very carefully con- 
trolled observations on patients with trephine holes in the skull 
and came to the conclusion that there was a significant rise in 
the brain volume, indicating an increased blood supply to the 
brain. Kleitman (1928) made direct observations on puppies 
and failed to observe any evidence of cerebral anaemia. Mao 
William (1923) expressed doubts about the validity of the cerebral 
anaemia theory and thought that the slight lowering of blood 
pressure will be more than compensated for by the change of 
position from the erect to the horizontal. Recently Gibbs, 
Gibbs and Lennox (1935) obtained direct records of cerebral 
blood flow during sleep in man by means of a thermo-electric 
blood flow recorder and concluded that the onset and termination 
of sleep did not affect the blood flow through the brain. There- 
fore, as Landis (1925) observed the fall in blood pressure is rather 
a resultant of, than causative of, sleep. 

{ft) Respiration: 

Many observations have been made on the rate and rhythm 
of respiration and most of the observers agree that respiration 
is depressed during sleep. Pieron as early as 1913 observed the 
depression of respiration during sleep. Bass and Herr (1922) 
found an increase in the CO 2 tension of the alveolar air during 
sleep, and Hess (1932) thought that the changes in the CO 2 
concentration of blood found during sleep would substantially 
activate the respiratory mechanism in wakefulness, showing an 
active depression of the respitatory mechanism. Wright (1931) 
observed that the respiratory mechanism was definitely depressed 
during sleep and breathing became inadequate to the needs of 
the body. 

Certain changes have been observed in the type of respiration 
when a person falls asleep. Clieyne-Stokes breathing was 
observed by Broadbent (1877). Mosso (1878) thought that the 
breathing became more thoracic and less abdominal. Shepard 
(1914) supported Mosso’s observation while Reed and Kleitman 
(1926) failed to find any such change. Some of the changes in 
the type of respiration could be accounted for by changes in 
position from the erect to the horizontal, but changes in the 
chemistry of blood evoking no response from the respiratory 
mechanism is undoubtedly due to the depression of respiratory 
centres. Kunze (1928) reported an increase of 10% in blood 
acidity and this increase will certainly stimulate respiration 
unless the centres are actively depressed. 

{c) Muscular Adtivity : 

One of the important concomitants of sleep is a complete 
muscular relaxation and lessening of the voluntary muscular 
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movements. Muscular movements during sleep have been 
studied a good deal by some simple mechanical device applied 
to the bed of a subject or a cage of an animal and a record of 
movements graphically registered. Szymanski (1918, 1920, 1922) 
obtained a number of such ^actograms’ and by recording the 
activity of different animals divided them into two classes 
‘polyphasic’ and ‘monophasic*. According to Szymanski the 
polyphasic animals have a number of alternating periods of 
rest and activity during 24 hours. White rats, for example, 
have ten. They rest for a couple of hours, then wake up and are 
active and again fall asleep. Rabbits have about sixteen periods 
of rest and activity during 24 hours. Birds are generally 
monophasic, active during the day and resting by night. Adult 
human beings are monophasic but a new-born baby is, like a 
rabbit, typically polyphasic. It is generally known that the 
muscles are relatively toneless during sleep, the tendon reflexes 
are diminished and the plantar reflex may be extensor. 

(d) Sweat Secretim : 

References in the literature about the secretion of sweat 
during sleep are not many. Potzl (1929) mentions that sweat 
secretion is increased during sleep and quotes Czerny when he 
says that ‘the sweat drops in a sleeping child can be easily 
seen’, A more detailed study of secretion of sweat in children 
was recently made by Day (1939). He studied insensible per- 
spiration by the method of weighing hospital children at frequent 
intervals and found that insensible perspiration was considerably 
increased and with room temperature about 29'’C. visible 
perspiration was nearly always present at the onset of sleep. 
Day’s studies show a close relation between the onset of per- 
spiration and commencement of sleep. 

In this country with the usual warm atmosphere it is a 
frequent experience to see sweating especially immediately 
after the onset of sleep. Beads of perspiration are seen over the 
forehead and neck and many times the whole body is covered 
with palpable if not visible perspiration. This phenomenon is 
more commonly observed in children but is present in adults also. 
It is important to note that the sweating is not due to mere rest 
alone, for the difierence in sweat secretion between a resting 
and a sleeping individual is quite obvious. 

To summarize therefore it is generally accepted that during 
sleep the heart beats slower, the blood pressure is lowered slightly, 
the respirations are depressed, muscidar movements diminished 
and the sweat secretion increased, especially immediately after 
the onset of sleep. 

Sleep a paeasympathbtio phbnombkon 

I shall now divert a little at this point from our main topic 
and say a few words about the sympathetic and parasymjiathetio 
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components of the autonomic nervous system. It is now 
generally recognized that these two components are concerned 
in the regulation of the physiological fimction of different organs 
of the body, and the part they play is usually antagonistic to 
each other. It has further been recognized that the sympathetic 
system is a ‘positive regulator of preparedness and activity’ 
while the parasympathetic system ‘preserves and economizes 
energy, protects against strain and restores activity’ (Hess, 
1932). We are more concerned about the parasympathetic in 
this discussion and therefore I shall say a few words about it to 
show how it is always working to economize energy and how 
its effects are brought about in the defence mechanism of the 
body. Thus a strong light thrown against the eyes will bring 
about immediate contraction of the pupils to protect the eyes and 
this contraction is brought about by the 3rd nerve which is 
parasympathetic. An irritant gas entering the respiratory 
passages will evoke reflexes which will result in contraction of 
the bronchioles and this contraction of the bronchioles is again 
a parasympathetic action through the vagus. If any undesir- 
able food or substance finds its way into the stomach, it will be 
immediately vomited out through the influence of the parasym- 
pathetic. If it goes further down into the intestines, the body 
defensive mechanism will try to get it out by producing diarrhoe^a 
and this process again is governed by the parasympathetic. 
An increase in the parasympathetic tone will cause the heart to 
beat slowly and thus prolong the rest period of the heart. The 
parasympathetic system is, therefore, always alert in protecting 
the body against strain and exerts its influence in giving rest to 
important organs of the body. 

The main symptoms of sleep such as slowing of the heart, 
fall in blood pressure and diminished muscular activity therefore 
prompted Prof. W. R. Hess of Zurich to emphasize that ‘sleep’ 
also is a parasympathetic phenomenon ‘comparable to the vagus 
control of the heart’. He pointed out that constriction of the 
pupils seen during sleep denotes an increase in the parasympathe- 
tic tone. Hess also drew attention to the work of Koch (1932) 
who found that an increase in the carotid sinus pressure of dogs 
just recovering from an anaesthetic led to an inhibitory state 
closely resembling sleep and the parasympathetic tone was simul- 
taneously increased. Further, Hess injected dings like ergota- 
mine, which inhibit the sympathetic activity, into the 3rd ventricle 
of cats and succeeded in inducing typical sleep. Several experi- 
mental observations have since been reported supporting Hess’s 
contention that the parasympathetic tone is increased during 
sleep. Samaan (1934) for example has shown that the 
bradycardia in dogs during sleep is due to augmentation of the 
vagal tone. Some clinical observations also lend support to 
this view. The value of ephedrine, a sympathomimetic drug, 
in the treatment of narcolepsy is now well established and shows 
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the parasympathetic nature of the attacks of sleep that occur 
in narcolepsy. Similarly, it is a well-recognized clinical observa* 
tion that attacks of asthma frequently begin during sleep and 
asthma is more likely to occur when the parasjrmpathetic tone 
is increased. There is, therefore, considerable experimental and 
clinical evidence to support the view put forward by Hess that 
sleep is a parasympathetic phenomenon. 

If now we recall the most interesting work of Sir Henry Dale 
(1934) and his colleagues and a number of other workers showing 
the close relation between parasympathetic and acetylcholine, 
and if we admit that sleep is a parasympathetic phenomenon, 
we are at once confronted with the proposition ‘Is acetylcholine 
the sleep producing hormone ? ’ 

Chemical theory of sleep 

Before I put forward before you the experimental evidence 
which suggests that acetylcholine may act as the ‘sleep hormone 
I shall make a few remarks about the ‘sleep centre ’ in the hypo- 
thalamus and the chemical theory of sleep. The existence of a 
‘sleep centre’ in the region of the 3rd ventricle of the brain was 
suggested by Mauthner as early as 1890. Economo (1928) 
concluded from his vast clinical and pathological experience of 
lethargic encephalitis that the ‘sleep centre ’ was situated in the 
region where the aqueduct of Sylvius opens into the 3rd ventricle. 
More recently Hess (1932) demonstrated that electrical stimula- 
tion of the diencephalon by specially constmcted electrodes 
promptly produced sleep in cats. Recognition of the ‘sleep 
centre’ in the hypothalamus divided physiologists into two 
schools, holding two different views on the theory of sleep. 
Those who supported the ‘cortical theory’ were led by Pavlov 
(1927) who considered sleep to be a phase of internal inhibition. 
Pavlov based his arguments from his experiments on conditioned 
reflexes. He found that an acoustic stimulus, like ringing of a 
bell, followed by food established a conditioned reflex in dogs. 
When this reflex was established, just ringing of the bell produced 
salivation and increase of other digestive secretions, because the 
dog expected food immediately afterwards. If after establish - 
noient of this conditioned reflex the bell is rung but no food 
presented, the dog often falls asleep. Before the dog falls asleep, 
^wever, the flow of digestive secretions is stopped due to 
inhibition of cerebral centres controlling these secretions. Ac- 
cording to Pavlov, this inhibition of localized centres in the 
cerebrum spreads over to the whole of the cortex and produces 
sleep. The other school who support the ‘subcorticar theory 
recognize the existence of sleep centre in the hypothalamus and 
hold that the phenomenon of sleep is governed by this centre. 
A tlmd school has also arisen who try to subscribe both to the 
cortical and subcortical theories. 
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I shall again refer to Pavlov’s theory later. Apart from 
Pavlov’s theory the only other theory which has a good experi- 
mental background is the ‘chemical theory’ of sleep first advo- 
cated by Pieron (1913). Pieron foimd that if the cerebrospinal 
fluid of dogs kept artificially awake for prolonged periods, is 
withdrawn and injected into the cerebral ventricles of normal 
dogs, such an injection produced as urgent a desire for sleep in 
normal dogs, as was manifested by dogs deprived of sleep. He 
therefore thought that the cerebrospinal fluid of dogs deprived 
of sleep contained a chemical substance having a hypnotic action 
and termed this substance ‘hypnotoxin’. Pieron ’s theory was 
recently supported by the careful work of Schnedorf and Ivy 
(1939). Since Pieron’s publication of his results several sub- 
stances have been injected into the cerebrospinal fluid of experi- 
mental animals and as some of them produced a condition like 
sleep, claims made for them as ‘sleep hormones’. 1 shall briefly 
refer to some of them. 

Deniole (1927) found a decrease in the blood calcium during 
sleep and thought that the calcium was taken up by the brain 
centres responsible for sleep. He therefore injected small 
quantities of calcium in the infundibular region of cats and 
succeeded in producing typical sleep. These observations were 
confirmed by Cloetta and Fischer (1930) and La Fora and Sang 
(1931). Bergron and Moberg (1929) found that mere insertion 
of needles in the infundibular region produced sleep in animals 
and previously Gollwitzor-Meir and Kroetz (1924) had failed 
to find any change in calcium concentration in blood during 
sleep. 

Zondek and Bier (1932) working on the compounds of 
bromine, found that these are diminished in the Pituitary and 
increased in the medulla in artificial sleep and therefore postu- 
lated that sleep was due to the pouring of ‘brome hormone’ by 
the Pituitary gland. 

Marinesco and his associates (1929) pointed out that choline 
injected intracerebrally produced sleep preceded by agitation 
and increased muscular activity. 

Kroll (1933) found that extracts of the brain of sleeping 
animals, injected intracisternally in cats produced typical sleep. 
The original sleep was either produced by administration of 
drugs or was the result of hibernation. 

Lastly, I (Dikshit, 1935) injected very small quantities of 
acetylcholine (in gammas) into the cerebral ventricles of cats 
and succeeded in producing a condition closely resembling sleep. 
These results were confirmed in dogs by Sclmedorf and Ivy 
(1939) and to a certain extent in man also by Henderson and 
Wilson (1937). 

It \^1 thus be seen that quite a number of substances have 
been claimed to act as sleep producing ‘ hormones ’ because their 
direct application to the brain centre or centres produces a 
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condition resembling sleep. If a ohemioal substance is respon- 
sible for natural sleep, it should, besides its action on the ^eep 
centre, satisfy several other conditions. Thus it must normally 
be present in the central nervous system, it must not be very 
stable and its action on the brain centres should be reversible. 
The presence of a special mechanism in the body to control the 
activity of this substance will be an additional point in its favour. 
Moreover, the pharmacological action of this substance on the 
central nervous system must agree with the physiological changes 
that are known to occur during sleep. The final proof must, 
however, rest with the actual demonstration of the fact that this 
substance accumulates around the sleep centre during sleep and 
disappears on waking. 

If we look at the so-called ‘sleep hormones’ from these 
points of view we are at once faced with the fact that none of the 
substances I have mentioned above satisfies all the conditions. 
I, however, submit that acetylcholine has been shown to satisfy 
all of them except the last one. It has not yet been possible for 
me to put forward definite evidence to say that acetylcholine 
accumulates in the hypothalamus during sleep and disappears 
when the animal or subject awakes. I, however, feel that what 
I am going to say in the next few pages warrants the conclusion 
that acetylcholine deserves a careful consideration as a sleep 
producing ‘ hormone ’ . The role acetylcholine plays in mammalian 
physiology has been well recognized. We now know how it 
plays a very important part in the control of voluntary and 
several involmitary muscles and how it acts as a chemical mediator 
at the cholinergic nerve terminal. We have also got sufiicient 
evidence to say that it is concerned in the synaptic transmission 
of the sympathetic ganglia. Is this ester equally concerned as 
the chemical mediator at the synapses of the central nervous 
system ? The question is yet to be answered, but evidence is 
gradually accumulating to show that it is (Chang et aZ., 1937). 
IVom this point of view alone the role acetylcholine plays in the 
regulation of the different functions of the central nervous system 
deserves a careful study. 

Is AOBTYLCHOLINB A ‘SLEBP PRODUCING HORMONE ’? 

I have mentioned above the conditions that a substance 
should fulfil before it could be accepted as a sleep producing 
* hormone ’. Let us examine how acetylcholine answers these 
conditions. 

(i) Action of acetylcholine on sleep centre : 

In a preliminary note read before the Physiological Society 
of Great Britain it was reported (Dikshit, 1936) that acetyl- 
choline injected in very small quantities (less than ly) into the 
lateral ventricle or into the hypothalamic region of cats produced 
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a condition closely resembling sleep. These experiments were 
repeated further and the results mentioned above confirmed. 
It was also found that the response in different animals varied 
considerably and it also varied in the same animal. The t 3 rpical 
phenomenon of sleep was observed in some animals while in 
others only drowsiness was evident. In a certain number of 
experiments drowsiness was preceded by excitation and this 
occurred more frequently with intraventricular than with 
hypothalamic injections. These experiments were repeated in 
dogs by Schnedorf and Ivy (1939). They found that dogs who 
received acetylcholine into the lateral ventricle passed into a 
condition closely resembling sleep, while those who received it 
into the cisterna magna showed only a depression. Henderson 
and Wilson (1937) repeated these experiments in man. They 
injected large quantities (up to 7*6 mg.) of acetylcholine intra- 
ventricularly in eight patients. The procedure slightly differed 
in these cas(3s, but the observations were very carefully made and 
systematically recorded. They found that out of the eight cases 
who received acetylcholine intraventricularly one passed into 
profound sleep immediately after the injection, two showed 
drowsiness but not deep sleep and the remaining five cases no 
sign of sleex) these cases, however, nausea, vomit- 

ing and intestinal peristalsis were constant effects and so was 
sweating. 

Injections of acetylcholine into the lateral ventricle will 
naturally affect all centres that line the ventricular system of the 
brain. A large number of centres will therefore be involved and 
the reactions will naturally be different from those which one 
would expect by application of the ester to a lociilized centre in 
the brain. The jicssibility of action on one group of centres 
nullifying the action on some other group w^ould also exist. 
Thus the visceral reactions produced by acetylcholine may 
seriously interfere with the results of its reaction on the sleep 
centre. Nevertheless, all the experiments quoted above go to 
show that acetylcholine can produce sleep by its action on the 
sleep centre. 

(ii) Does acetylcholine exist normally in the brain ? 

We are on a more firm experimental basis regarding the 
presence of acetylcholine in the brain. Since the observation 
of Schaffer and Moore (1896) that extracts of the brain produce 
a fall in blood pressure when injected intravenously, there has 
been a controversy about the nature of the depressor substance 
in the brain extracts. Some observers like Mott and Halli- 
burton (1899) thought it was choline while others like Vincent 
and Sheen (1903) did not think it to bo so. While working in 
Edinburgh, I attempted to see if acetylcholine was present in 
the brain or not and by employing some recent biological tests 
for acetylcholine was able to show (Dikshit, 1933, 1934a) that 
24 
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it undoubtedly does exist in the brain tissue. Quantitative 
estimations of different portions of the brain showed that the 
concentration of acetylcholine was highest in the basal ganglia. 
Higher concentrations of this ester in the basal ganglia than 
other parts of the brain are significant when we take into consi- 
deration the recent claims, made with increasing insistence, 
that these ganglia are the seat of a number of visceral activities. 
These observations were later confirmed by Kwiatowski (1935) 
and also by Barsoum (1935). Since then a number of workers 
have not only found acetylcholine in the brain, but have also 
shown that slices of brain tissue can actually form acetylcholine 
in vitro (Quastel et al., 1936; Stedman and Stedman, 1937; 
Mahal and Dikshit, 1937 ; Bikshit, 1938). More recently, 
Chute, Feldberg and Sm 3 rth (1940) have shown acetylcholine 
formation by the brain in perfusion experiments. One can, 
therefore, say with certainty that not only is acetylcholine 
present in the brain but it is formed there continuously. 

(iii) Is there a special rneehanism in the body to control the action 

of acetylcholine ? 

Bale as early as 1914 suggested the possibility of an esterase 
in the body which would destroy acetylcholine. Several workers 
since then (Engelhardt and L^wi, 1930; Matthes, 1930) have 
confirmed this observation. Br. E. Stedman of Edinburgh 
and his associates (1932) later discovered an enzyme in the blood 
which has the specific action of destroying esters of choline and 
they named this enzyme ‘choline-esterase \ A number of 
contributions by Stedman and his associates and also other 
workers (Gaddum, 1936) have since then established the role 
that choline-esterase plays in controlling the activity of acetyl- 
choline in the body. It is significant to note that Stedman 
and Stedman (1936) failed to find any choline-esterase in 
the cerebrospinal fluid, but found it in large quantities in the 
brain tissue. Emther, they made the important observation 
that the amount of this enzyme in the basal ganglia was about 
twice that present in the cortex. We have, therefore, un- 
assailable evidence to show that there exists in the body tissues 
a mechanism which controls the activity of acetylcholine and 
that this mechanism — ^the choline-esterase — ^is present in the 
brain and especially in that part of the brain where the sleep 
centre is situated. 

(iv) Does the pharmacological aotion of acetylcholine on the brain 

centres agree with the physiological changes seen during 

sleep ? 

Earlier I have referred to only four changes that occur 
physiologically during sleep, changes concerning circulation, 
respiration, muscular movements and sweat secretion. Action 
of acetylcholine on brain centres is usually studied by introduction 
24B 
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of the drug into the ventricular fluid of the brain. Such intro- 
duction produces action on several centres lining the ventricular 
system and therefore, as discussed above, information so obtained 
may be misleading. Moreover, such actions will depend upon 
the dosage employed and upon the concentration of choline - 
esterase present in the parts of the brain concerned with these 
actions. However, it may be stated that as far as the circulation, 
respiration, muscular movements and sweat secretions are 
concerned, the action of intraventricular acetylcholine agrees 
with the changes seen during sleep. I investigated the action 
of acetylcholine on circulation and respiration (Dikshit, 1934a) 
by injecting small quantities of the drug into the lateral ven- 
tricles of cats and found that respiration was definitely depressed 
and the blood pressure was very slightly lowered by such injec- 
tions. Depression of respiration and lowering of blood pressure 
in sleep have already boon discussed. Further, 1 pointed out 
(Dikshit, 19346) that application of acetylcholine to the brain 
centres can produce an irregularity of the heart. It is true that 
every individual does not get an irregular action of the heart 
just before falling asleep, but in those who are susceptible to 
such irregularities, it is a common clinical experience that the 
irregularities are increased at the onset of sleep. 

As regards muscular movements, the marked diminution 
in movements of voluntary muscles by central application of 
acetylcholine can bo demonstrated in animals who are just 
recovering from a volatile anaesthetic. Under deep ether 
anaesthesia, a trephine hole is made in the skull of a cat to 
introduce acetylcholine into the ventricles. The muscular 
movements are registered graphically by placing two large 
balloons partially filled with water on two sides of the animal 
and comiecting both to a recording tambour. The anaesthetic 
is then lightened and as the animal comes into the first stage of 
anaesthesia it begins to struggle and these movements are 
registered on a moving kymograph. A small quantity of acetyl- 
choline (1 or 2y) is then introduced into the lateral ventricle 
through the trephine hole and the effect of the injection is seen 
immediately afterwards. The struggling movements become 
less and less and sometimes they are completely abolished for a 
short time. In experiments described previously, introduction 
of acetylcholine into the cerebral ventricle of unanaesthetized 
cats led to a condition resembling sleep and thus was associated 
with lessened muscular tone and movements. Therefore, action 
of acetylcholine on voluntary muscular movements is similar 
to the action seen physiologically during sleep. 

Secretion of sweat is difficult to demonstrate in the experi- 
mental animals. Cats have a few sweat glands on the foot 
pads, but it is difficult to demonstrate increase in secretion of 
these glands. In their experiments on hospital patients, how- 
ever, Henderson and Wilson (1937) found sweating to be almost 
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uniformly associated with intraventricular acetylcholine injection. 
According to these authors sweating accompanied nausea but 
was present in some cases to a degree which was much more 
than could be foimd in nausea alone and in others it was profuse. 
Sweating after sleeping is a common observation when environ- 
mental conditions are suitable for sweating. Such conditions 
are naturally present more often in the tropics than in colder 
climates. 

It will thus be seen that the pharmacological action of 
acetylcholine on the brain centres and the physiological changes 
seen during sleep agree at least on those points which I have 
just discussed. There is one important discrepancy, however, 
which was noted by Schnedorf and Ivy (1939) in their experi- 
ments on dogs. They observed that intraventricular injections 
of acetylcholine produced sleep in dogs but the rectal tem- 
perature was simultaneously raised. Rise in temperature is not a 
phenomenon observed in natural sleep and therefore Schnedorf 
and Ivy (1939) were inclined to believe that the response to 
acetylcholine was not truly physiologic. Henderson and 
Wilson (1937) on the other hand found a drop in body temper- 
ature after intraventricular acetylcholine injections, but they 
were working with human subjects who responded with perspira- 
tion to acetylcholine and perhaps this sweating helped to lower 
the temperature. Dogs cannot perspire and therefore Schnedorf 
and Ivy could not notice a fall in temperature. It is inttjresting 
to note in this connection, however, that Shiziraku (1926) kept 
dogs artificially awake for prolonged periods and when their 
desire for sleep was extreme a rise in their body temperature 
was noted. 

Temperature regulation is govemed by a special centre in 
the hypothalamus and it is not possible to say whether the fall 
in temperature during natural sleep is due to the action of the 
‘sleep hormone’ on this centre or due to vascular changes and 
diminished motor activity. I shall, however, again take the 
liberty to repeat what I have said before that intraventricular 
injections of acetylcholine produce a much more diffused action 
on the brain centres than local liberation of the ester in certain 
localized parts of the brain would do. 

(v) Is there accumulation of acetylcholine in the sleep centre during 
sleep ? 

We now come to the crucial test of this ‘ sleep hormone ’ 
theory, viz., demonstration of accumulation of ac.etylcholine in 
the sleep centre during sleep. 1 must state in the beginning 
that all my attempts to get this proof have failed so far. The 
problem is associated with a number '^f technical difficulties. 
Acetylcholine is very rapidly destroyed by the enzyme, choline- 
esterase, and any experimental procedure in a sleeping animal 
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disturbs it and leads to the waking state. I therefore decided 
to tackle this problem indirectly and shall describe very briefly 
the nature of experimental procedures I have adopted. 

(a) Relation between choline-esterase in blood and acetylcholine 
concentration in the brain : 

In a paper read before the Indian Science Congress (Dikshit, 
1937), I had mentioned that there is a direct relationship betvwn 
the acetylcholine concentration in the brain and cjholine-esterase 
content of the blood. These experiments were made on different 
species of animals and it was found that whenever there was a 
high concentration of acetylcholine in the brain, there was also 
a high concentration of the enzyme in the blood. This rolation- 
shix> was noticed by Dr. Stedman, F.R.S., of Edinburgh some 
years previously. It was therefore thought that (sxamination 
of the blood of a subject might give an idea about the acetyl- 
choline concentration in his brain. We therefore^ examined 
the blood of several volunteers at noon and at midnight with a 
hope of finding a difference in the choline-esterase content of the 
two samples of blood but failed to find any such difference what- 
soever. Further, Dr. Mahal (1938) working in my laboratory 
in Bombay examined the blood of guinea-pigs which were kept 
artificially awake for several days and found no difference 
between the choline-esterase concentration of the blood of these 
animals taken before and after j>rolonged sleeplessness. 

(^>) Appearance of acetylcholine into the cerebrospinal fluid of 
animals deprived of sleep : 

I kept cats artificially awake for several days and examined 
their cerebrospinal fluid to see if any acetylcholine could bo 
detected in it. The cats were deprived of sleep by putting them 
in a slowly revolving cage. In such experiments the animals 
have to move all through 24 hours and the expe^riments are 
complicated by a third factor of muscular fatigue. However, 
I failed to see any appearance of acetylcholine in the cerebro- 
spinal fluid of these animals after prolonged wakefulness. 
Schnedorf and Ivy (1939) made more careful experiments with 
dogs and also failed to find any acetylcholine in the cerebrospinal 
fluid of dogs deprived of sleep. The idea in these exj)eriments 
was that if acetylcholine accumulates in large quantities around 
the sleep centre it may partly escape into the cerebrospinal 
fluid and its presence in this fluid coidd be detected by employing 
sensitive biological tests. Normal cerebrospinal fluid contains 
no acetylcholine and no enzyme. The enzyme which is piesent 
in the brain tissue how^ever appears to destroy acetylcholine 
completely and not the slightest trace of the ester appears in the 
cerebrospinal fluid. 
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(c) Estimation of acetylcholine in the basal ganglia of animals 
deprived of sleep : 

These experiments were made on guinea-pigs and rats. 
The animals were kept awake by putting them in a revolving 
cage and therefore the factor of fatigue was present in these 
expeiiments also. After five days of sleeplessness when the 
guinea-pigs were taktm out of the cage they exhibited the most 
urgent desire for sleep. Such animals were killed immediately 
after removing from the cage and the acetylcholine content 
of the basal ganglia estimated and compared with that of normal 
animals. In the beginning I got the impression that I was finding 
more acetylcholine in the basal ganglia of sleepless animals as 
compared with normal ones, but the individual variations were 
found to be far too wide to arrive at any definite conclusion. 
Similar results were obtained with rats also. I feel that this 
procedure may give some information if a very large number of 
animals is used and the results studied statistically. 


(d) Effect of Physostigmine : 

The action of physostigmine, an alkaloid obtained from the 
calabar bean, in preventing the hydrolysis of acetylcholine by 
the specific enzyme is now well established. Hydrolysis of 
acetylcholine by the enzyme in the brain could therefore bo 
prevented by administration of this drug and if this drug could 
be administered in sufficient quantities to neutralize the enzyme 
action, tufficient accumulation of acetylcholine could occur in 
the brain to produce its central effects. Unfortunately, however, 
the drug is far too toxic to permit of its administration in 
adequate doses. Besides, the side actions of such administra- 
tion are far too powerful to enable the phenomenon of sleep 
to bo studied. It is interesting to note, however, that the 
central depressant action of physostigmine has been recognized 
and Sollmami (1933) mentions that this depressant effect has 
been made use of clinically in diseases like epilepsy though 
without much success. Mention must, however, be made of 
the experiments of Dost (1934) in this connection. To test 
Hess’s theory of sleep Dost injected a large number of drugs 
intramuscularly in cannaries, physostigmine being one of them ; 
and he fomid injections of physostigmine produced sleep in 
these birds. Further, one of my colleagues working in the Royal 
Infirmary of Edinburgh gave Miotin, a compound prepared by 
Btedman which has identical action as that of physostigmine, 
to a patient and found that after the preliminary visceral effects 
bad passed off the patient fell into deep sleep. Physicians and 
surgeons have, these days, many opportunities of using pro- 
stigmine or physostigmine in their clinical work and if observa- 
tions are made with special reference to sleep, I think such 
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clinical data will materially help to verify the theory of sleep 
I have postulated. 

However, to come back to the effect of physostigmine in 
animals, I gave this drug hyj)odermically to cats, dogs, and 
monkeys. As explained above, the visceral effects of such 
injections were far too severe to allow the phenomenon of sleep 
to be observed properly, but after these effects wore off, a 
definite drowsiness was observed in some of these animals. 

Discussion 

The remarkable experimental work of Pavlov (1927) on 
conditioned reflexes has shown that sleep is due to spread of 
internal inhibition. I have already referred to Pavlov’s work 
and explained that Pavlov holds the cortex entirely responsible 
for sleep. Goltz (1892) on the other hand has shown that 
decorticated dogs can sleep and this observation was confirmed 
by others (Rothman, 1923; Rademaker and Winkler, 1928). 
If dogs without cortex can sleep, Pavlov’s hypothesis cannot 
bo entirely correct. Criticism has also been levelled against 
Pavlov’s experiments. Kleitman (1929) observed that in some 
experiments on activity of gastro-intestinal tract made in his 
laboratory he had to use stands similar to those used by Pavlov 
and he often noticed dogs sleeping, though no conditioned 
reflexes were involved. He also mentions a case in whic^h a dog 
continued actively secreting saliva though asleep and inhibition 
of salivary secretion followed and did not precede onset of sleep. 

If sleep is a conditioned reflex, it is not possible to imder- 
stand how a new-born baby can sleep from the moment it is 
born. The diurnal variation in sleep and activity of mono- 
phasic animals could be understood on the conditioned reflex 
theory, but not the sleep of polyphasic animals who have sixteen 
periods of rest and activity during 24 hours. Another imj)ortant 
question is, does the sleep of lower forms of vertebrates, for 
example that of frogs or fish, depend on conditioned reflexes 
or is their sleep different altogether from the sleep of higher 
vertebrates ? 

It is, however, not possible to deny that conditioned reflexes 
play an important part in the diurnal periodicity of sleep, at 
any rate sleep of higher animals. Wo are accustomed to sleep 
under certain conditions and any trivial change in these condi- 
tions, such as an uncomfortable bed or a different bed room 
may be sufficient to prevent sleep. The diurnal periodicity of 
sleep in man is more a habit than a physiological necessity and 
is therefore, as Pavlov says, dependent on the cortex. 

Sleep as a physiological necessity is, however, a different 
proposition altogether. In a normal individual an uncomfortable 
bed causes sleeplessness for a night or two, but there will always 
be a limit to this sleeplessness. The necessity of sleep after 
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prolonged wakefulness is so urgent that a person can sleep in 
most adverse conditions. Instances have been mentioned 
during the Great War when people riding or marching were 
actually sleeping. Animals deprived of sleep for long periods 
can sleep in most unusual positions. In such instances con- 
ditioned reflexes could play but little or no part ; sleep as a phy- 
siological necessity therefore cannot be said to be under the 
influence of the cerebral cortex and the function must be relegated 
to sub-cortical centres. I have already referred to the evidence 
which has accumulated in support of the existence of a sleep 
centre in the hypothalamic region. The experimental evidence 
I have put before you is based on recognition of this sleep 
centre. How is this sleep centre activated ? This is the ques- 
tion for which an answer is sought and I have presented to you 
some facts which tend to show that acetylcholine could be 
considered as an agent which can lay some claims as a sleep 
producing ‘ hormone * which activates the sleep centre. I frankly 
admit that the evidence I have presented is more indirect than 
direct. It has not been j) 08 Bible to demonstrate actual accumula- 
tion of acetylcholine in the sleep centre during sleep. Attempts 
to demonstrate it in the cerebrospinal fluid of animals deprived 
of sleep have failed in the hands of others as in my hands. My 
attempts to show its increased concentration in the basal ganglia 
after prolonged sleeplessness have given equivocal results. 
Indirect approach to the problem by estimation of blood choline- 
esterase have given no indication. 

On the other hand, the indirect evidence is not very meagre. 
The importance of acetylcholine in physiology coupled with 
Hess’s contention that sleep is a parasympathetic phenomenon 
and Dale’s contribution explaining the role acetylcholine plays 
in parasympathetic phenomena gives a clear ground to work 
upon. Existence of acetylcholine in the brain, its higher con- 
centration in the basal ganglia, and the presence of a special 
mechanism to regulate the activity of acetylcholine are im- 
portant data supporting the view. Agreement between acetyl- 
choline action on some brain centres and the effects of sleep on 
these centres also is in favour of acetylcholine being a * sleep 
hormone ’. 

I am fully aware of the fact that I have discussed the 
problem of sleep from a very restricted point of view. 1 have 
not made reference to many other approaches to the subject 
like the recent researches on the brain potentials during sleep. 
I have also refrained from discussing other theories of sleep, 
because such a discussion would have been outside the scope of 
this address. There are many other points which will have to be 
investigated before the theory 1 have put before you is finally 
accepted. If acetylcholine is responsible for sleep, is there any 
other hormone which brings on awakening? Is the sleep of 
higher vertebrates and lower oiaes. like frogs and fish, similar ? 
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What is the nature of the sleep of lower forms of life like earth- 
worms? Do they sleep at all? Do plants sleep? Is there 
any disturbance in the acetylcholine metabolism of the central 
nervous system in certain psychopathies or mental disorders ? 
These and similar questions will naturally arise and it is my 
earnest hope that attempts will be made to answer them by 
further experimental and clinical research. 
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SECTION OF PSYCHOLOGY AND 
EDUCATIONAL SCIENCE 

PresiderU : — I. Latik, M.A., Ph.D. 

Presidential Address 

{Delivered on Jan. 7, 1941) 

PSYCHOLOGY AND THE FUTURE OF MANKIND 

I 

The history of the civilized world presents a sad record 
of the repeated failures of human society to ensure the sanity and 
stability of mankind. Thousands of years have passed since 
man forsook his savage haunts and modes of living, and entered 
the domain of civilization with high hopes and expectations for 
a brighter destiny — only to find himself involved in far more 
serious jierils. Not only does he find himself in greater perils 
to his physical safety from the antagonistic assaults of his 
fcllow«creatures, but he is also constantly exposc^d to graver 
dangers to his sanity from the various factors inherent in the 
very nature of civilization. The perils to his physical safety 
have been tremendously increased by the use of scientific 
instruments of human destruction. Man’s control of the instru- 
ments for destroying his fellow-creatures has reached such a 
remarkable degree of jierfoction, that the very existence of the 
human species appears to bo seriously jeopardized. The dangers 
to his sanity have become incrt^asingly threatening with the 
irrational control which civilized society has come to exercise 
over his fundamental natural urges. Tliis latter danger is so 
fatal to the health, sanity and efficiency of the individual, that 
it appt^ars that this civilization, in whose friendly support 
man had placed his implicit confidence, is likely to prove his 
most dangerous foe. His supposed safety and stability within 
civilized society is now being exposed as an illusion and the 
destiny of the human race is becoming increasingly dark and 
uncertain. Even the belief that there has been a steady progress 
of reason during the history of the human race is now fast 
vanishing. 

The usual arguments of the protagonist of modern civiliza- 
tion concerning the manifold advantages of the scientific re- 
search of their times, as a rule, leaves out of accoimt the fact 
that the scientific achievements of our age have gone beyond 
man’s ability rationally to control them. Consider, for instance, 

( 379 ) 
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how the modern devices for the intercommimication of news 
and thought, which were expected to unite human family 
closer together in greater understanding and tolerance, have 
served to aggravate the traditional hostility and national 
arrogance of men. And when we think of the ways in which 
the fruits of the scientific labours of man have been used for the 
destruction of mankind, the conviction grows on us that these 
are by no means the ‘ unqualified enrichment * of human life 
that some people claim them to be. 

The uncertainty concerning the future of the human race 
which distresses the student of (dvilized society today is the 
logical result of the general discredit into which the redemptive 
efforts of many generations of civilized mankind have now fallen. 
Each generation in turn takes up the task of redressing human 
society with high expectations — only to find hiimanity involved 
in a progressively worse plight. Every day brings to light 
evidence of the antagonism, hatred, competition, indifference 
and hostility which continually complicate social and inter- 
national relations. To take only one instance, consider the ever- 
recurring international conflicts in Europe in spite of continuous 
efforts to ensure a peaceful settlement. Within the last one 
hundred years European history records the Boer War, the 
Franco-Prussian War, the War between Germany and Austria, 
the War between Pmssia and Denmark, the Franco-Sardinian 
War against Austria, the Crimean War, the British Opium War, 
British actions in Africa, China, Palestine and elsewhere ; French 
actions in Africa and Mexico and a host of other such conflicts 
down to the present war. What strikes the student of human 
nature is not so much the actual event of war as the constancy 
with which it rei)eats itself in spite of all the conscious endeavours 
of mankind to ensure a rational and peaceful state. The last 
world war, for instance, exhausted the strength and national 
resources of all the coimtries involved; and yet the survivors 
so far from disarming started arming again feverishly. Thus 
after four years of ruthless slaughter, and after world-wide 
conferences to ensure a sane and peaceful human society, 
Europe remained an armed camp — ^preparing for new wars 
and conquests. 

A study of the available records concerning the sanity of 
man in civilized society reveals appalling facts and figures. Tlie 
number of the victims of psychogenic disorders is definitely 
on the increase. These disorders are ultimately due to man’s 
lack of emotional adjustment to the rigid demands of his cultural 
environments; they include neurasthenia, hysteria, anxiety- 
neuroses, phobias, obsessions and so forth. A large number of 
mild cases belonging to this classification still go imrecognized 
under the false diagnosis of anaemia, insomnia, gastric catarrh, 
debility, etc., rendering the therapeutic endeavours of orthodox 
medical systems futile. During the brief space of three years 
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24,000 BuicideB or attempted BuicideB were entered in the ArchiveB 
of the Board for the Prevention of SuicideB in BudapeBt. Ac- 
cording to the report of one leading medical investigator, this 
city holds the world record for attempted suicides. The records 
of the United States of America show 150,000 suicides annually. 
Many other similar records might be quoted to show the extent 
to which the neurotic illness infests civilized society today. 
The (^ase-histories of psychologicial clinics in any civilized city 
could yield additional evidence of the actual increase of neurotic 
disorders, domestic and marital disruptions and maladjustments. 

Nor do the records of antisocial behaviour relieve the dismal 
perspective. The subtle and ingenious forms in which crime 
is progressively thriving in our modem society and the heavy 
toll it lays on our economic resources provide further evidence 
which destroys the individuars belief in the ability of (ivilization 
to satisfy all the rational demands of its members. The various 
forms of delinquency are so manifestly a repudiation of social 
conventions and taboos that we are forced to conclude that 
civilization does not satisfy all the demands of human personality, 
and in consequence a largo number of its members are provoked 
to fly in the face of its laws. 

We repeat that the great tragedy which attends the march 
of human afi'airs does not consist so much in these events which 
blight the history of the human race, as in the vicious circle in 
which mankind appears to be inextricably involved, so that 
mental disorders, crimes, political unrest, wars and unhappiness 
dog its stops at every turn. 


II 

But the most pathetic aspect of the situation is the profound 
ignorance of the loading intellectuals concerning the real causes 
of the manifold disorders with which mankind is afflicted. 
Consequently, little or nothing has been done to alter this situa- 
tion. For, it must be adequately diagnosed before it can be 
remedied. 

This seems to be an extraordinary instance of gross ignorance 
in an ‘age of scientific enlightenment*. For, not only are we 
struck by the paucity of literature offering an adequate explana- 
tion of the causes which have conspired to bring about this 
situation but we find that the alleged explanations of a majority 
of those who have attemj^ted to study this particular subject 
leave us, in the end, confused and mystified. Most of these 
tend to confuse the various issues involved in the situation. 
Moreover, they almost invariably suffer from a fundamental 
error which consists either in entirely ignoring the influence of 
the human factor in the aetiology of the present social disorders 
or conceding to it only a secondary and casual importance. 
In this way the root cause of the trouble is almost invariably 
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miscalculated. Irrelevant factors are frequently exalted into 
all-sufficient causes; and grandiloquent attempts are made to 
convince individuals that it is through the control of these 
causes that the final redress of human wrongs will be effected. 
Meanwhile little or nothing is done to explore the mental dy- 
namics of the homo sapiens in a scientifically objective manner 
in order to discover the underlying causes at work. Thus 
having omitted or miscalculated the importance of tho human 
factor, such studies are inevitably superficial, even when they 
are not wholly irrelevant. 

Recent psychological enquiries into the individual and social 
behaviour of man are making it increasingly^ clear that apart 
from the scientifically objective study of the mental dynamics 
of the human behaviour it is not possible to understand ade- 
quately and remedy effectively the present trouble so as to 
ensure the sanity and stability of the human race. Without 
the help of psychopathological insight and technique, the 
situation will for ever remain an inextricable mystery and a 
constant menace to mankind. In the words of Samuel D. 
Schmalhausen : ‘Whatever field of life we touch, straightway 
we are in the presence of problems of maladjustment. \^ether 
we go over the field of criminology, juvenile delinquency, marriage 
and divorce, business relations, the institutions of the home, 
the church, the state, the school, or study the intricate taboos 
and sacred sanctions of ethical codes or peer into the mob- 
intricacies of journalism, or specialize in the phenomena of 
crowd behaviour, persistently and inseparably we are in the 
perturbing presence of problems that can only be approached 
intelligently from a psychiatric point of view. History, pene- 
tratingly conceived, is a branch of psychoanalytic psychiatry.’ i 

Of the several factors which have conspired to obscure the 
importance of the knowledge and application of tho findings of 
psychological research in the scientific study of human affairs, 
we shall mention only a few here. In the first place, the extra- 
ordinary progress of the physical sciences has naturally led to 
the obscuring of the value of psychological science and the relega- 
tion of the mental determinants of human behaviour into the 
background. Man’s discovery of physical laws and the utilization 
of the knowledge which enables him to deal with forces as they 
are manifested in the external world has outstripped his know- 
ledge of the dynamic determinants of his behaviour. He is 
obsessed with the thought that since the knowledge of the laws 
of his physical environment have given him control over the 
world, the same laws will ensure his control over his own destiny. 
Consequently, an explanation of behaviour in terms of mental 
dynamics is relatively neglected. This physical bias characterizes 
the mental outlook of a majority of our leading scientists. Some 
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of them even go to the length of regarding a psychological 
approach as wholly irrelevant to any serious scientific endeavour 
at explaining and controlling the trend of human affairs. They 
even question the right of psychology to the status of a science. 
Very often the presence of a psychologist at a congress of scientists 
is regarded by them as anomalous if not altogether unwelcome. 
It is the physical scientist who truly represents the cause of 
science. The psychologist is a scientist only by courtesy. It 
is but natural that this indifference to the science of human 
psychology should darken counsel and render a majority of the 
explanations of physical speculators only partial endeavours 
at best. 

In order to illustrate how indifference to psychological 
facts may distort one’s explanation of human behaviour, we 
may take an instance from the speculations of those who claim 
to explain human activity exclusively in terms of economic 
laws. They treat of wealth as entirely independent of the 
laws of human psychology. Of course there is now a growing 
tendency to make a passing reference to the psychological 
aspect of economic transactions in the opening chapter of the 
text-books on the subject. But the casual and superficial 
character of these references often makes one wonder whether 
this is not merely an attempt to impress the reading public 
with the idea that psychological aspects of the science, if any, 
have been taken account of. The fundamental economic prob- 
lems continue to be treated with the usual indifference to the 
laws of human psychology. The rise and fall of prices, the 
supply, demand and consumption of commodities are treated 
as if they were governed by laws outside the field of human 
psychology. Ignorant of, and indifferent to, the fundamental 
relation of the laws of human psychology to this field of human 
activity, economic Bpeculatoi*s have repeatedly landed multitudes 
of credulous individuals in disastrous crises. But when we 
consider some of the solutions proposed by economic enthusiasts 
for the problems of social disorder, the superficial character of 
such explanations when unaided by the toowledge of human 
psychology, becomes even more obvious. For example, it has 
been a current belief in Soviet Russia that the only way to 
eradicate the criminal tendencies of an individual is the liquida- 
tion of economic inequality. Equal economic opportunities, 
it is claimed, will in the end result in the gratification of human 
needs so that no one will desire to prey upon the economic re- 
sources of society by antisocial methods. We freely concede 
that removal of unequal opportunities for earning wealth does 
in certain cases prevent antisocial behaviour. Our main ob- 
jection to this claim, however, is that quite a high proportion 
of adult delinquents do not begin their criminal career on 
experiencing economic strain. Kleptomania, for instance, may 
find expression in the behaviour of well-to-do individuals. 
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Psychoanalytic research has shown that very often a conscious 
economic want may be only a disguised and repressed erotic 
wish. In a fairly large number of cases wealth or money has 
been discovered to possess this erotic significance. Not until 
this aspect of the overt human activity is scientifically explored 
can one assert with any degree of scientific certitude whether 
or not a specific instance of individual conduct, which to all 
appearances is the product of economic conditions, is really 
independent of deeper psychological motives. Not until this 
has been duly taken into consideration can we expect to have a 
scientifically complete explanation of the specific behaviour in 
question. * However great our faith in the environmental 
determinants of human behaviour, in the truly astonishing 
power of economic and social forces to shape and mis-shai)e our 
lives, we shall be missing an amazing amount of insight if we 
ignore or minimize the importance of the human nature factors 
such as the psychoanalysts and the dynamic psychopathologists 
deal with .... There is a lurid chapter in the history of human 
conduct that has very little to do with specific economic deter- 
minants but has a great deal to do with certain distortions and 
perversions resident in human nature.’ ^ 

This brief discussion of the economic motive of human 
conduct will help us to understand how indifibrence to the laws 
of human psychology can obscure the true nature of the causes 
which are responsible for the present social disorders; and how 
ignorance of these causes renders the hope of their redress 
lamentably remote. 

It has often been alleged that the relative youth of the 
science of psychology is responsible for the indifibrence with 
which its findings are treated. But when we consider the 
amazing progress which this science has achieved within the few 
decades of its career, we shall be obliged to look for a deeper 
reason. Its youthfulness would still leave the possibility of 
making use of the existing x>Bychological knowledge open to a 
large majority of thinkers in the field of the social sciences. 
But it is not only the general indifibrence of leading thinkers 
but often their positive hostility to the science of psychology 
which requires a scientific explanation. Barring those provo- 
cative examples of certain philosophizing psychologists and the 
sterile stunts of ‘brass-instrument* psychologizing enthusiasts, 
which may have brought discredit to this science, we shall find 
that this indifibrence and hostility to psychology can be traced, 
in the last analysis, to the great unwillingness of man to face 
himself. It appears that a large majority of the opponents of 
psychology are people who by the rigid restraints of modern 
culture are unable to encounter calmly the contents of their 
own mental make-up. Their indifibrence to this science is, to 


^ Schmalhauseu : op. ciU, p. 73. 




(7) Section XIII ^ Psychology Educatioml Science. 


385 


a large extent, a defence mechanism against the possibility of 
the revelation of certain mental dynamics which are, so to 
speak, looked upon as contrabands within the social environ- 
ment of modem culture. This ostrich-like attitude serves as 
a narcotic to' lull them into a self-complacent slumber. What 
these mental contrabands really are we shall explain presently. 
Meanwhile it may help us to understand their provocative 
character if we remember that the history of modem culture 
records innumerable instances in which the flood of social 
disapproval and hostility has been directed against any objective 
study of human nature which may throw light on certain in- 
stinctual demands which have been tabooed by the conventions 
of civilization. With his extraordinary insight into this fact 
Sigmund Freud has clearly demonstrated how human beings 
can ill-afford to endure any shock to their narcissistic self- 
complacency and that contempt for any scientific technique 
which bids fair to ensure self-knowledge to the individual is 
very often used as the principal weapon of the resistance. This 
resistance incidently is a measure of the mental health of modem 
society. For a society which does not have the courage to 
examine its own motives must be basically sick. 

Ill 

Let us consider for a moment what may be the contents of 
this self-knowledge so that we may be able to understand why 
civilized man should invariably build up such a strong resistance 
against it. But we must first disabuse our minds of the popular 
belief that the mental structure of the civilized individual is 
fundamentally different from that of his savage ancestors. This 
prejudice has largely obstructed an objective study of the deter- 
minants of human behaviour, and not until we discarded it shall 
we be in a position to observe the contents of the human mind in 
their true nature and setting. The vast and varied data now 
available in the field of psychoanalytic research clearly indicate 
that fundamentally the same mental dynamics which motivated 
the behaviour of his stivage ancestors thousands of years ago, 
still, under the gloss of modem culture, continue to determine 
the conduct of modem civilized man. Whatever the cultural 
standards of his society, under the influence of a strong emotional 
experience or of a threat to his personal interest, man’s primitive 
impulses break through his cultural restraint. * Any emotional 
stress, a sudden panic, a threat of calamity, a failure in business 
or in marriage, a sevei'e illness, the death of a loved one, and it is 
liable to stampede man into conduct prejudicial to himself 
and to his neighbours. It may even bring about his own de- 
struction.* 1 Such observations clearly show that behind man’s 
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facade of rational conduct there exists a primitive mental 
structure which regulates his individual and social life. 

By the primitive mental processes we mean such motives 
to conduct as animistic beliefs, totemistic taboos, and a thousand 
forms of hostilities, fears and irrationalities. A large number 
of these are subtly disguised in modem culture so as to elude 
recognition without the aid of a special psychological technique. 
Thanks to the mechanisms of repression and displacement they 
flourish imdetected by the victim. The notion that modem 
man has evolved beyond the mental stage of his savage ancestors 
keeps him in the dark with regard to their existence within his 
mental structure and thus less vigilant against their destructive 
power. This is the chief danger of modem civilization. It 
harbours within itself mental mechanisms of extreme destructive 
potency and it is incapable of defending itself against them 
because it is unconscious of their very existence. And yet 
without recognizing their existence, one would be wholly at a 
loss to account for the * inhuman atrocities the hatreds, 
hostilities, and wars, the savage superstitions, the neurotic 
disorders and psychotic manifestations of the individual which 
flourish unabated today even in the most ‘ advanced ' civilized 
societies. The dismal catalogue of ‘hallucinations, obsessions, 
delusions, paranoid trends, moods running the whole gamut of 
manic-depressive psychoses, psychoneurotic tensions and un- 
stabilities, organic and functional inferiorities, phobias, hysterical 
outbreaks, tendencies to melancholia, sexual perversions, nar- 
cissistic attitudes, egoistic indulgences, exhibitionism, insane 
ambitiousness, anxiety, compulsions, habit neurosis, automatism 
in behaviour’ is the logical result of the clash of primitive 
impulses with the conventions of civilization. This alone can 
account for the hostile character of the international relations 
today, which can clearly be traced to these savage mental 
processes which continue to operate under the civilized gloss 
of the present day culture. Theoretically international problems 
should call for rational remedies. But how rarely in the history 
of civilized society have people found it possible to wait long 
enough for a rational redress of wrongs. Under provocation, 
the inflammable savage impulses of our nature burst forth into 
terrible conflagration. Modern man has not been able to shake 
off the influence of the primitive processes which existed in the 
darkest phases of human development. 

The failure of civilized society to put an end to warfore 
illustrates the impossibility of ensuring peaceful settlement so 
long as its members do not clearly realize the existence of the 
forces in their personality which invariably bring about war. 
The main trouble with the efforts to put an end to the war is 
that they have been directed against wrong objectives. For 
instance, they have been based upon the assumption that dis- 
armament of an opponent is the only effective method of putting 
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an end to war. The idea is not at all new, and is only a slight 
variant of an ancient maxim that ‘ to despoil our neighbours 
deprives them of the means to injure us.’ Accordingly the 
repeated failures of peace organizations to stop war have been 
attributed to the incomplete disarmament of hostile nations 
rather than to the failure of political leaders to intelligently 
understand and rationally control the determinants of human 
behaviour whose operation invariably issues in war. The 
possession of destructive weapons is only a secondary considera- 
tion. Mental determinants are the primary causal factors. 
So long as the basic motives of war are not psychologically 
diagnosed and controlled, mere legislation on the control of 
armaments cannot eradicate war. The control of armament 
will only limit the extent of destruction; it cannot eradicate 
aggression, hostility, fear, competition, megalomania which 
invariably produce war. A clear and objective understand- 
ing of the significance of those urges is the first stop towards 
preventing war. Without this essential step peace organiza- 
tions, international conferences and treaties and diplomatic 
negotiations are entirely powerless to stop war. 

But here again it is the misfortune of civilized man that 
he fondly hugs the illusion that he is beyond the influence of the 
motives whicJi provoked his savage ancestor to warfare. Owing 
to the mechanism of repression, if he should by any chance 
attempt to look for the causes of human warfare within his 
own nature, the result would be negative. Consequently, ho 
explains war in such a w^ay as not to hurt his sense of self- 
complacency. Ho projects his own primitive motives upon 
his opponent whom ho regards as a savage or a lunatic, and 
whom he deems it a moral obligation to resist. It is obvious 
how the conventions of civilized society invariably regulate the 
specific pattern of the behaviour of modern belligerents. It is 
not a pure accident that each of the combatants unconsciously 
realizes the need of rationalizing his motives for war by convincing 
himself, and very often others of his party, that he is fighting 
for a righteous cause and not for any form of self-interest. How 
often in the history of civilized society has man unconsciously 
or otherwise attempted to exonerate himself for indulging in 
savage human destruction by labelling it a ‘ holy war *. War in 
savage societies was not so subtly disguised. 

But though the motives of warfare were more or less clear 
to the savage, they were not any the less dangerous. All wars, 
whether waged by civilized or primitive groups, threaten the 
stability of the human race and the peace of human society. 
But with the undisguised knowledge of the motives, the savage 
was in a better position to control the event of war, at least on 
theoretical grounds, when he so desired. But curiously enough, 
none of the civilized organizations w^hich aim at the prevention 
of war have ever spent a single penny for a scientific investigation 
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and control of the mental conditions which produce war. Only 
when the nations are able to perceive these mental forces and 
recognize their real nature in a frank and fearless maimer, wiU it 
be possible to prevent war through the emotional re-education 
of its members. 

It may be contended that though true of certain individuals 
under strongly provocative circumstances and peculiar mental 
outlook, our statement of the operation of the savage processes 
in the life of the normal civiliz^ man is a gross exaggeration. 
But the objective study of the so-called normal individual of 
our age, does not offer any different perspective. Few of us 
spend more than a few hours during the entire day in a completely 
rational state of mind. And when the rigid demands of our 
social and professional life leave us to ourselves for a moment, 
we naturally tend to relapse into modes of behaviour which 
under analytic examination are clearly primitive and irrational. 
Two lines of evidence may be advanced to confirm the truth 
of this statement: (a) the psychopathological study of the adult 
individual behaviour; (6) the genetic study of the mental life 
of the individual. Both of these lines of evidence converge on 
the truth of the statement that the mental processes of the 
modem man, in spite of the cultmal demands of his society, are 
inherently and basically primitive. The infant, in the modern 
society, before the code of modern civilization influences his 
conscious behaviour, undisguisedly manifests the same hostilities, 
rivalries and irrational fears which find devious and disguised 
expressions in the behaviour of the adult within his oidtural 
environment. The psychoanalytic study of the dreams of 
apparently normal individuals clearly brings out the savage 
character of their dominant wishes and desires. 

IV 

When we set out to inquire how it is that the savage elements 
of our nature remain generally unrecognized in our conscious 
mind, we are naturally led to the consideration of certain 
psychological devices to which references has already been made. 
The mechanism of ‘repression* — a process through which an 
impulse which comes into conflict with a strong cultural demand 
is driven into the unconscious — ^is obviously at work here. This 
process is further aided by another unconscious mechanism 
called projection through which the individual imconsciously 
responds to the conflicting urge by an effort to deny its existence 
within himself and by attributing it to an external object. 
The latter, to some extent, accounts for the extraordinary 
conviction with which certain paranoics attribute guilty motives 
to their neighbours. This also to a very large extent explains 
the abnormal zeal of the religious fanatic or the hypercritical 
piude. The more violent their condemnation of others, the 
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stronger their repudiation and fear of these impulses within 
their own lives. ‘The real motives of the reformer/ says 
Hendrick, ‘who consciously believes ho is protecting others’ 
morality and unconsciously enjoys a mass of obscene literature 
in the role of public censor are commoly recognized.’ 

The intensity of repression depends upon the extent to 
which conventional ethics has been allowed to impose upon the 
human individual an ideal of conduct in. total disregard of the 
instinctual demands of his nature. Renunciation of instinctual 
urges is the fundamental requirement of conventional morality. 
In obedience to this man’s aggressive, vindictive, and erotic 
urges have in the course of civilized culture been blindly sub- 
jected to a progressive process of repression. ‘ Civilization,’ 
says Sigmund Freud, ‘ is the fruit of renunciation of instinctual 
satisfaction, and from each new comer in turn exacts the same 
renunciation.’ ^ He goes on to describe the various psychological 
moments of the process so dearly that wo shall quote his own 
words : ‘ Civilized society, which exacts good conduct and does not 
trouble itself about the impulses underlying it, has thus won 
over to obedieiKie a great many people who are not thereby 
following the dictates of their own natures. Encouraged by 
this success, society has suffered itself to bo led into straining 
the moral standard to the highest possible point, and thus it 
has forced its members into a yet greater estrangement from 
their instinctual dispositions. They are consequently subjected 
to an unceasing suppression of instinct, the resulting strain 
of which betrays itself in the most remarkable phenomena of 
roac.tion and (iompensation formations. In the domain of 
sexuality, where such suppression is most difficult to enforce, 
the result is seen in the reaction-phenomena of neurotic disorders. 
Elsewhere the pressure of <;ivilization brings in its train no 
pathological results, but is shown in malformations of cliaracter; 
and in the perpetual readiness of the inhibited instincts to break 
through to gratification at any suitable opportunity. Anyone 
thus compelled to act continually in the sense of precepts w'hich 
are not the expression of instinctual iriclinations, is living, 
psychologically speaking, beyond his means, and might objec- 
tively be designated a hypocrite, whether this difference be 
clearly known to him or not. It is undeniable that our contem- 
porary civilization is extraordinarily favourable to the production 
of this form of hypocrisy. One might venture to say that it is 
based upon such hypocrisy, and that it would have to submit 
to far-reaching modifications if people were to understand to 
live in accordance with the psychological truth. Thus there 
are very many more hypocrites than truly civilized persons — 
indeed, it is a debatable point whether a certain degree of civilized 
hypocrisy be not indispensable for the maintenance of civiliza- 
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tion, because the cultural adaptability so far attained by those 
living today would perhaps not prove adequate to the task. 
On the other hand, the maintenance of civilization even on so 
questionable a basis offers the prospect of each new generation 
achieving a farther-reaching transmutation of instinct, and 
becoming the pioneer of a higher form of civilization.’ i 

Thanks to the endless drill in man’s loyalty to the abstrac- 
tions of conventional ethics ever since the hour of his birth, 
he tends to exalt its dictates of conduct into immutable laws 
like those of the Medes and Persians. Instead of accepting his 
lapses in the field of conventional morality as the natural result 
of its artificial and preposterous demands, man has developed a 
sense of defeatism and morbid anxiety which have invariably 
interfered with his happiness, sanity and efficiency. Indeed, 
the code of conventional morality demands more sacrifice than 
it is worth. Its standard of conduct is neither directed by 
honesty nor instituted by wisdom. 

When we turn to the field of the religious behaviour of 
mankind, we observe an equally disappointing situation. In 
spite of the highly organized institutions which have been erected 
to bolster the preposterous demands and claims of the various 
pseudo-religious systems, one cannot help noticing the subtle 
and seductive operation of certain primitive emotional forces 
in this type of behaviour w^hich have proved refractory to man’s 
ra^onal control. Dispassionate studies of this field of human 
behaviour have served to expose the various totemistic beliefs 
and taboos, magical incantations and obsessional ritualistic 
observances which persist in it in an endless series of modern 
versions and which have to a largo extent thrown man’s intelli- 
gence out of function. Perhaps in no other field of human 
behaviour have morbid fear, infantile egocen tricity, (iredulity, 
intolerance, illogicalities and intellectual dishonesty found such 
frequent and free expressions. ‘ Where questions of religion are 
concerned,’ observes Freud, ‘people are guilty of every possible 
kind of insincerity and intellectual misdemeanour.’ ^ Psycho- 
analytic research has brought to light the neurotic character 
of the morbid religious attitude of man. It has shown that the 
pseudo-religious behaviour of man is the continuation of the 
obsessional neuroses of childhood and of the emotional irration- 
alities of his savage ancestors. A further line of evidence shows 
that certain modes of morbid religious behaviour are only 
disguised or symbolic ways through which certain individuals 
unconsciously gratify their suppressed vdshes. Take the case 
of a sadistic individual who derives perverted pleasure from 
infiicting pain on others. There being few other avenues for 
the gratification of such pathological impulses without the 
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risk of social disapproval, such people often find a congenial 
atmosphere in the field of religious expression. The tension of 
their sadistic impulses finds relief in moral and religious de- 
nunciations, pious vituperations and scathing criticism of their 
neighbours, 8ince modern society hardly tolerates a cannibalis- 
tic form of human torture, at least under conditions of peace, one’s 
sadistic impulses are as a rule restricted to such verbal assaults. 
Sjwiistic imxiulses often fiourish under the guise of fanatic zeal. 
Likewise masochistic impulses very often find expression in the 
self-humiliating, self-torturing, ascetic ceremonials of pseudo- 
religious behaviour. Thanks to the social approval which at- 
tends the display of such behaviour, a large number of patho- 
logical manifestations in the field of religious behaviour remain 
unexposed. Another neurotic aspect of morbid religious be- 
haviour is the othe^r- worldly attitude of its devotees. This 
attitude will be found to be due, in a large number of cases, 
to the seductive influence of wishful thinking — the desire to 
(escape from the stern realities of life. Such an individual, 
instead of redressing the wrongs of his society as he finds them 
here and now, clings fondly to certain illusory hopes which he 
exj)ects to realize in the next world. This attitude of other- 
worldliness is not unlike certain forms of delusional insanity in 
which the patient ignores the world of real objects and lives in a 
dream-world of his own. Because of the uncritical attitude of 
society towards this mode of religious behaviour, a good deal of 
morbidity which masquerades under the garb of pious termino- 
logy, pa.sses as a praiseworthy ideal of human conduct, and, in 
certain cases, is even a source of economic gain. Indeed the 
economic gains of certain religious institutions are so prolific 
that one is tempted to describe them in the words of E, B. Holt 
‘ as strictly commercial enterprises as is a lottery, a soap factory 
or a pea-nut stand.’ ^ This anatysis of the religious behaviour 
of man could bo profitably carried further, did the limits of 
time and space permit. But this brief discussion may serve to 
indicate that pseudo-religious behaviour, like the conventional 
ethics of our society is in urgent need of being rationally revised 
and adjusted to the real demands of the individual before 
humanity can hope to grow into rational and emotional maturity 
and, thereby, attain to health, sanity, efficiency and stability. 

The efficacy with which the process of repression works in 
the life of the individual depends upon the subtle ways in which 
he is intimidated through the organized efforts of the various 
social institutions to whose influence he is constantly exposed. 
The repressive programme which begins in the earliest years of 
the growing infant makes use of all the horrors which are capablt^ 
of frightening the child out of his wits. Parental disapproval, 

1 Holt, E. B.: ‘The Whiiasioal Condition of Social Society and of 
Mankind*, American Philosophy Today and Tomorrow^ pp. 171-202. 
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the wrath of God, and the terrors of hell are a few examples out 
of a literally inexhaustible catalogue of institutional ^ disci- 
plines’ which have been found efficacious in keeping the in- 
stinctual demands of the individual below the level of his conscious 
perception. Another result of this programme of repression is 
that these parental prohibitions and cultural taboos are gradually 
internalized in the shape of a conscience or super-ego whose 
chief function consists in plaguing individuals with self-reproach 
and a sense of guilt. This super-ego is now admittedly found 
to be the root-cause of a large number of mental disorders. 

The internalized sense of social disapprobation and fear of 
consequent punishment, through the sheer force of the habitual 
docility of the individual, gradually degenerates into a mecha- 
nical or reflex function, so that the victim need have no conscious 
knowledge of its operation but may nevertheless be exposed to 
its painful consequences in the form of anxiety-neurosis or 
melancholia. Morbid fear and expectation of punishment is the 
invariable symptom of one’s conflict with the super-ego. Very 
often the victim goes out of his way to punish himself. The 
various forms of the so-called accidental self-injuries or mutila- 
tions, in the last analysis, may bo demonstrated to bo the n>8ult 
of the unconscious sense of guilt and the demand for self- 
pimishment. Indeed certain types of suicides and the event of 
recidivism could not be scientifically explained without the indi- 
viduars unconscious sense of guilt and wish for self-castigation. 
In the light of such inexorable demands which it makes upon 
the already over-burdened individual the super-ego must be 
regarded as a neurotic stigma.. A rational knowledge of its 
origin and nature would dispel the cloud of mystery which 
surrounds its compulsive character. 

Two consequences of the conventional morality of our 
society appear to be most disastrous to the sanity and stability 
of man. (a) Repression which keeps the individual in a state of 
morbid ignorance with regard to the nature of his instinctual 
demands which in turn loads him to develop a state of smug 
and self-righteous satisfaction with our civilization. (6) Tlie 
mental disorders or psychoneuroses which destroy one’s happi- 
ness, sanity and efficiency through the operation of a rigid 
super-ego. This leads him to dissipate his creative ability in 
the various forms of neurotic manifestation. For, it must be 
clearly understood that repression of instinctual demands only 
renders one unconscious of their existence. In spite of the 
process of repression they carry on an underground existence 
and reveal themselves through certain bodily and psychical 
manifestations, generally known m the field of psychopathology 
as neurotic symptoms and disorders. 

It must by now be abundantly clear how effectively the 
process of repression may dispel from the conscious knowledge 
of the individual the existence of his savage impulses. Let us 
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now turn to a brief discussion of its influence on the behaviour 
of young people within civilized society. One often hears of 
the perpetual restlessness and tension of the young men in 
our cultures. But if we lay aside the condemnatory attitude 
and view the situation objectively it will not be long before we 
discover the causal connection between this abnormal tension 
and the dictates of the conventional morality according to 
which they are expected to direct their lives. Viewed psycho- 
pathologically, anarchy, revolt and antisocial behaviour of 
every description and variety are only blood-letting devices 
calculated to afford relief to their abnormal emotional tension. 
The following statement of an eminent English writer is 
exceedingly significant : — 

* You can re-write the history of all the great population 
movements in terms of the pressure of the young male surplus 

Every community can be shown to be either sending 

out the plethora of its population as emigrants and settlers, or 
reducing it by warfare, or elst^ suffering from acute social trouble, 
such social troubles as the words Russian Hooligans, Chinese 
Boxers, Moonlighters, Nazis, Fascists, revolutionary terrorists, 
gangsters, will call to mind. The young man surplus, if it is 
not consumed, is the main source of rebels, rtwolutionaries and 
disturbances of all kinds. Somehow that tension must find 
relief. The comparative social stability of the nineteenth century 
was largely due to emigration and the settlement of new lands. 
Now there are no more new lands open to immigration.’ ^ 
Tliese words are all the more significant since they do not come 
from the "pen of a professional psychologist. The writer has 
only recorded the fact of how young men in our culture are a 
perpetual menace to our social order. It is for us to correlate 
this fact with the extent of deprivation ^^ith which the instinctual 
demands of our young i)eople are treated in our culture. Once 
again we have to thank the conventional ethics of our age for 
this sorry state of affairs. Its strategy of silence even where 
definite scientific knowledge concerning fundiimeiital impulses 
of human nature is easily available, its deliberate distortion of 
such knowledge, its condemnatory attitude without, any sympa- 
thetic insight into the state of the individual suffering from 
the sti-ain of unsatisfied urges, the readiness with which it 
sacrifices the cause of truth and honesty by supporting falsehood 
and deceit in the service of its hoary conventions, its undisci- 
plined idealism which has encouraged hypocrisy and self- 
complacent righteousness — all these have conspired to bring 
about the collapse of human intelligence and darken the destiny 
of mankind. It is high time that the exponents of this form 
of ethics should be made to realize the need of progressive 
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adaptation ; and allow it to be tested by its results in a scientific 
spirit. The canons of right conduct must always take into 
account both the possibilities and the limitations of human nature. 

The key to the social and political revolt of any country 
is to be found in the psychopathology of the young anarchist. 
Psychoanalytic study has demonstrated that oftener than not 
the leading social and political revolutionaries and anarchists 
have been recruited from the ranks of the victims of a deep 
unconscious hatred against parental authority. Their revolt 
against political authority was only a substitute reaction. 
Biographical studies of the leading anarchists often reveal sig- 
nificant familial situations which go to confirm the truth of this 
psychopathologic diagnosis. If all the facts concerning the 
parent-child relation from the biography of the great political 
revolutionaries and terrorists were to be made available to him, a 
psychoanalyst would undoubtedly be in a position to demonstrate 
that such individuals have been the victims of uncongenial 
family situations during their early childhood in which the male 
jmrent, unwittingly or otherwise, provoked the growing boy 
to harbour feelings of resentment and retaliation, feelings which 
he subsequently projects on to objects, which even in the re- 
motest degree serve to remind him of the parental autocracy. 
Kings, government officials, teachers, priests have, it is known, 
often served as father surrogates who may bring out all the pent- 
up spite of the victim. Thus we see how an anarchist displaces 
his hatred for his father or father-substitutes on to social and 
political authority, and makes the world responsible for his 
unhap})y childhood. A great deal of the antisocial behaviour 
of the individual is only the result of a displacement from the 
family to social maladjustment. At the bottom of many a 
political anarchy and unrest lies an emotional conflict between 
father and son. Generally the process is engineered by the 
unconscious forces of the victim's personality; and he often 
rationalizes his behaviour or simply treats it as an inexplicable 
mystery. It is only through the psychoanalytic technique 
that the ultimate cause of his trouble can be revealed to him. 

V 

The limits of this paper do not permit the examination of 
other aspects of human behaviour which present an equally 
sad picture of the present state and future prospects of the 
human race. The trend of the current events seems to indicate 
that mankind is steadily heading towards self-destruction. The 
only way of escape consists in the intelligent use of scientific 
Psychology in effecting the mental and emotional re-adjustment 
which appears to be incumbent on human society today. A 
society which has developed the use of scientific Psychology is 
already on its way to sanity and stability. 
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But it might be objected that every individual is gifted with 
a reasonable degree of common sense which enables him to make 
the necessary adjustment in his life without the help of sientific 
Psychology; and that since he can always learn wisdom from the 
errors of his predecessors, he need not invoke the help of scientific 
Psychology. 

The objection fails to estimate the dimensions of the task 
which confronts mankind today. It is not only the conscious 
aspect of human behaviour which stands in urgent need of being 
scientifically understood and re-adjusted. The vast and un- 
chartcred field of one’s unconscious motivation must also be 
clearly cogiiize<l and rationally re-oriented. Common sense 
without the help of psychological knowledge and technique is 
unable to meet the requirements of this complicated task. 

The j)lea for learning from the errors of the past is an 
ancient one. Few, however, have benefited from this. For, 
even here the dimensions of the task have never been clearly 
estimated by those who have consistently endorsed the wisdom 
of this plea. It involves not only the avoidance of a specific 
pattern of overt ])ehaviour but a scientific understanding of the 
motives which invariably produce it. No ustdul purpose, for 
instance, will be served in holding the isolated actions of Nero 
or Napolean as warning signals to the coming generation. What 
is really needed is th<* re-interpretation of their life and actions 
in the light of dynamic j)8ychiatry, before men can bo in a 
position to learn from their errors. We must be able to correlate 
the disastrous events in the regime of the past rulers and leaders 
of humanity with their neurothi and psychotic afflictions before 
we can rationally understand them and effectively avoid their 
recjurrence. The same spirit of research must be (tarried into 
the records of certain other aspects of human behaviour. The 
psychopathological nature of fanaticism, puritanism, autocratic 
parenthood and pedagogy, for example, must be equally under- 
stood. It will be only then that the present generation will 
have a chance of avoiding the mistakes of the past. 

But when we remind ourselves of the extraordinary advance 
which our age has witnessed in the scientific technique of diag- 
nosing the latent contents of the human mind, the plea for 
preferring the lead of common sense appears to be even more 
absurd. This advance is mainly due to the scientific labours of 
Freud and his collaborators in the field of psychopathology and 
child psychology. To quote that brilliant British writer, H. G. 
Wells, ‘Our knowledge of our own motives and impulses and 
then of mass-thought and mass-action, has become beyond 
comparison more lucid and practical, thanks primarily to the 
initiative of Freud Whatever the nature and extent of one’s 
disagreement with this great scientist, one can hardly afford to 
ignore the extraordinary penetration with which he has captured 
the fleeting unconscious wishes and fears in their microscopic 
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detail for an objective scientific study and control. It would 
be only a superficial student of human nature who would prefer 
vague surmises of common sense to this penetrating insight 
into human maladjustments made possible through this new 
psychological advance. It is a wholesome sign that some of the 
leading sociologists are now beginning to recognize the need of 
psychological knowledge in the programme of social and political 
re-adjustment. Ihus Karl Mannheim writes: ‘If we want to 
change the human personality as a whole and not just its external 
behaviour, we must penetrate beyond the external behaviour 
to that realm of consciousness in which the different mean- 
ings of external acts can only be comprehended by sympathetic 
understanding. Thus we must try to pass from accessible surface- 
indices to the more deep-lying background of psychological 

phenomena The discovery of the unconscious makes it 

possible to penetrate into those hidden mechanisms through 
which psychological adjustment on the deeper levels of the self 
can be brought about.’ i Without the aid of scientific Psycho- 
logy any attempt at mental diagnosis and re-orientation will 
prove only a planless dissipation of energy. 

Let us briefly review certain ways in which scientific Psycho- 
logy can help human society to readjust itself so as to secure its 
future stability. 

In the first place, since, according to our analysis, the 
present crisis in the affairs of mankind is mairdy due to the 
irrational restraints which society has come to exorcise on the 
instinctual demands of the individual, it is of fundamental 
importance to correct our attitude towards these demands. 
The prevalent dread of certain fundamental urges of human 
nature is mainly determined by animistic beliefs still lurking in 
the unconscious depths of our personality. The ideal of ascetic 
deprivation of these urges seems to be mainly determined by such 
unconscious animistic beliefs. Psychological re-orientation will 
involve the realization of the fact that deprivation, of any 
satisfaction, in itself, has no value to human health and sanity. 
On the contrary, needless deprivation of a fundamental urge 
has been found to be more harmful than beneficial to the health 
and sknity of the individual. We freely concede that there are 
occasions when the individual has to forego at least a temporary 
gratification of his instinctual demands. But this must be 
done as a measure of prudence and in consistency with the 
principle of enlightened self-interest, rather than through a 
superstitious dread of these urges. Fear will invariably lead 
to the repression of these and the accumulation of hatred, 
hostility and anxiety with which human society is at the present 
moment seething. Even when the need for temporary depriva- 


Mannheim. K.: Mem and Society, p. 217. 
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tion seems to be indicated on grounds of social adjustment, it 
is important to sidetrack the instinctual demand in question 
into some adequate channel of expression so that the temporary 
suspension of gratification may not pass into complete depriva- 
tion, We are reaping today a rich harvest of deep-seated fears, 
hatreds, jealousies and anxieties which have been accumulating 
in the human mind on account of the needless deprivations of 
instinctual satisfactions to which individuals have been blindly 
subjected since the day of their birth. 

In the second place, psychoanalytic treatment must be made 
more generally available than it is at the present moment. 
Whereas it may not result in a hundred per cent cure, it will 
still go a long distance in relieving individual distress and in 
ensuring the sanity of mankind through psychological control* 
I grant that emotional health of society can only emerge slowly 
in this way. But when it does emerge, it will have a greater 
chance to stay. 

We must, however, begin this work in the nursery. The 
psychological up-bringing of the child is the first step towards 
the mental health of the adult. The education of the child 
must be permeated through and through with the methods and 
principles of child psychology and mental hygiene. Unfortu- 
nately the current system of school education overemphasizes 
the purely intellectual nature of the child. The emotional 
aspect of his personality has not received the scientific attention 
which it demands. Consequently, one very often finds that a 
large number of individuals who pass through our existing 
educational mills, in spite of their intellectual development, 
remain emotionally immature. A great many maladjustments 
of the adult life are due to the continuance of emotional childhood 
beyond the normal period of its duration. We must deplore 
the lack of psychological insight of a large majority of those 
who bear the responsibility of educational leadership. This is 
further vitiated by the maladjusted teacher who is so over- 
burdened with the heavy weight of his own emotional conflicts 
that one cannot reasonably expect him to guide his pupils 
along the lines of wholesome development of their personality. 

In the words of President Everett Dean Martin, ‘ 

the teaching profession — with notable exceptions — ^tends to be 
filled with differential people, people who can trot in harness, 
conform to the system, take orders, and present controversial 
truths in an inoffensive manner. Teaching becomes a kind of 
trade similar in a way to other trades, with an average quality 
of workmanship and standardized quantity production of its 
object. People who all their professional lives must do just 
what they are told, commonly lose the habit — if ever it was of 
their organization — of judging the ultimate significance of that 
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which they are obliged to perform/ i A sound psychological 
training to prospective teachers is definitely indicated so that 
we may ensure the emotional health of the children entrusted 
to their care. 

We must also urge the need of psychological clinics for 
children. For, in spite of the truth of the maxim that prevention 
is better than cure, and in spite of the supreme importance of 
adopting this maxim as the guiding principle at home and at 
school, there are nevertheless frequent occasions when even the 
most intelligent parents and teachers fail to know the neurotic- 
child-to-be when they see him. And even when they do know 
him it is very often at a time when the method of prevention 
is too tardy to operate effectively. There are several diflSculties 
which prevent parents and teachers from clearly diagnosing and 
effectively treating the neurotic tendenies of their children. 
In the ^t place, a large number of neurotic symptoms of a 
child such as a pleasing docility, his speech difficulties, his 
eccentricities, his infantile ritualisms — ^instead of causing 
serious scientific concern about the child’s normality, may 
please or amuse parents. In the second place, a large majority 
of those parents and teachers who do succeed in observing 
symptoms of neurotic behaviour in their children are liable to 
put them down to moral lapses and original sin. But by far 
the most urgent reason why we need psychological clinics for 
children is that owing to the peculiar nature of the tie which 
exists between parents and their children, there is always a 
limit beyond which no parent can guide a problem-child. May 
I add that not even an expert psychologist or a psychiatrist 
can help his own children beyond a certain limit. Take the 
case of a neurotic child. All that parents can do is to avoid 
those causes and conditions which may lead to the formation 
of neurosis in their children. This in itself is a colossal task. 
What they cannot do is to treat a neurosis after it has set in — 
particularly if they are the cause of it. There must be a psychical 
distance between the mentally sick child and the clinical expert, 
which distance, by the very nature of the case, is not possible 
between the parent and his child. Obviously, the only course 
open to parents, be they laymen or clinical experts, is to obtain 
clinical help from someone who has no peculiar ties of this nature 
with the patient in question. 

Anna Freud, Melanie Klein, Margaret Lowenfeld, Susan 
Isaacs and others have brought an amazing psychoanalytic 
insight into the study of problem-children. Not only have they 
succeeded in accurately diagnosing the trouble of a large number 
of maladjusted children but have also brought health and 


1 Martin, E. D.: ‘Education’, Whither Mankind, 1928, edited by 
Charles A. Beard, pp. 355 ff. 
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happiness into their lives. Their scientific work must be followed 
up by others in different parts of the world. 

The help of psychological clinics is specially needed in the 
treatment of cases of juvenile delinquency. The blind use of 

¥ 9nal methods is not only unscientific, it is definitely barbarous. 

o quote from the writings of one of the foremost British autho- 
rities in the field of juvenile delinquency: ‘To whip a boy, to 
shut him up in a penal institution, because he has infringed the 
law, is like sending a patient, on the first appearance of fever, 
out under the open sky to cool his skin and save others from 
infection. It is as blind and unintelligent as the primitive 
treatment of malaria, in the days when the parasite of malaria 
was unlooked for, and the mosquito ignored. With moral 
disorder as with physical we must fed and fight, not symptoms, 
but causes. Not before causes have been discovered, can cures 
be advised.’ 1 Someone has rightly observed that the attitude 
of society to crime is essentially animistic. Few advocates of 
corporal punishment realize how their use of this kind of disci- 
pline may be actuated by the unconscious animistic motive of 
driving the devil or the evil spirit out of the offender. Not 
only do we physically attack the person of the juvenile offender 
with the object of driving his devil out of him but very often 
our own devil which we project on to him. The mental condition 
of offenders is a problem which calls for careful study. Experi- 
mental projects in this field clearly indicate that delinquents 
may be amenable to psychological treatment. It is impor- 
tant, therefore, to make the services of a medical psychologist 
available to juvenile delinquents. 

It is, however, from the view-point of prevention of sub- 
sequent maladjustments that the period of childhood has its 
peculiar importance for us. According to the findings of psycho- 
logists in the field of delinquency and neurotic illness, the 
various kinds of antisocial and emotional maladjustments have 
their inception during the period of early childliood. Whether 
we are dealing with a notorious criminal or a neurotic individual, 
we are eventually led to consider the causal connection of their 
trouble with certain conditions in their early infancy. It follows 
from this that the incident of individual and social maladjust- 
ments to a large extent may be prevented through a psycho- 
logically enlightened homo. If the homo ignores the resources 
of scientific psychology in the wholesome up-bringing of its 
children, subsequent institutional care of the mentally ill and the 
delinquent will never be able to keep jiace with the progress of 
mental disease and crime. For, in spite of therapeutic efforts 
and institutional care in individual cases, the incident of patho- 
logical manifestation at any given moment, will far outnumber 
the cases of cure, so long as the conditions of pathology are 


A Burt, 0. ; The Young Delinguent, p. 5. 
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inherent in the very nature of the unfavourable home influences 
to which the child is constantly exposed. Under such circum- 
stances increasingly more disorders will continually be produced 
than it would be possible for the curative agencies to tackle, 
The progress of disease will always keep steadily ahead of the 
therapeutic treatment. Total eradication of di^ase wiU thus 
remain absolutely outside the scope of human possibility. 

It is, therefore, essential to realize the immense importance 
of parental education along the lines of scientific psychology 
as one of the most effective ways of ensuring the sanity of the 
coming generation. AU actual and prospective parents must 
be educated in terms of the scientific facts and principles from 
the field of child psychology and mental hygiene. Nor should 
the value of the application of psychoanalysis to the profession 
of parenthood be ignored. There are subtle ways in which the 
personal neuroses of parents retard the normal growth of children. 
Certain causal factors in the psychology of problem -children 
very often may be traced to the emotional conflicts of parents. 
Psychological study of cases lends ample support to the state- 
ment that for every problem-child there is a problem-parent. 
Curiously enough, parenthood, one of the oldest human respon- 
sibilities, has not received the scientific consideration that it 
demands. A considerable amount of the scientific knowledge 
about the nature and development of the child is still a closed 
book for most parents. It must be clearly understood that the 
proper re-adjustment to life does not so much consist in what 
the scientists know, as in what the people apply. 

It has been discovered invariably that a large number of 
neurotic and delinquent children come from unhappy homes. 
There may be a great many reasons to account for an unhappy 
home. But in the light of the findings of clinical psychology, 
we would emphasize the importance of a preliminary diagnosis 
of prospective marital companions in order to rule out at least 
one possible causal factor which is so Ukely to blight the Ufe of 
the yoimger generation. A preliminary knowledge of the tastes 
and temperament of one’s prospective marital companion is also 
essential for a harmonious home. Curiously enough whereas 
in the breeding of certain species of domestic animals greatest 
scientific care is exercised on the choice of a suitable mate in 
the interest of the health of the offspring, in the case of the 
human species this most important task is left to the caprice 
of the blind Cupid and his only too uncertain arrows. We also 
strongly endorse the opinion of Dr. Van De Velde according 
to whom little good for a healthy population is to be expected 
from marriages between those ‘who are aMcted with mental 
disease, venereal disease, hypochondria, epilepsy, etc.’ 

Parents must, in partioidar, be enlightened about .their 
obligation to their children in the field of sex-education. Through 
the irrational attitude and ignorance of their parents in this 
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field, many children grow into the belief that everything 
connected with sex is wrong and sinful. This in turn gives birth 
to a large number of personality disorders in their later life. 
Hysteria, anxiety neurosis, hypochondria, frigidity and impo- 
tence have often been observed to be the direct outcome of a 
morbid attitude towards sex which an individual acquired 
during his childhood. The conspiracy of silence with which 
parents meet children's questions regarding sexual knowledge, 
is the most prolific source of the sexual morbidity which prevails 
in modern society. A large number of sexual maladjustments 
which go to poison the marital life of individuals also have their 
roots in the subtle lies wdth which parents had attempted to 
discourage accurate knowledge on the part of their cWldren. 
Curiously enough, whereas our children are encouraged to be 
up-to-date in the field of science and art, they are kept peri- 
lously ignorant of this fundamental urge of their nature. In 
theory our educational experts admit readily enough that fear- 
lessness and freedom are good for a child, and yet where sexual 
enlightenment is concern^ they impose slavery and terror. 

Sex education must be given in an atmosphere of scientific 
freedom and in a dispassionate attitude. It must be based on 
the most up-to-date findings in the field of sex psychology. 
Medical psychology has brought to light the fact that sex urge 
has its roots in the period of early childhood; and that a larg^ 
number of neurotic disorders of the grown-up individuals within 
our culture are in the last analysis actual fixations at, or regres- 
sions to, certain infantile forms of sexual manifestations. By 
debarring our children from a healthy sex education, we expose 
them to all sorts of maladjustments. Whatever the amount of 
controversy on the subject, only a short-sighted parent will 
disregard Freud's warning that mental and personality disorders 
are, in the last analysis, traceable to sexual factors. In the 
light of these findings it follows that sex education must be 
given at an early age so as to ensure the healthy attitude of the 
coming generation. 

It must, however, be noted that sexual education must be 
suited to the problems peculiar to the specific strategic level of 
one's psycho-sexual development. Sex education, therefore, 
cannot be a fixed, uniform course of knowledge irrespective 
of the specific needs of the growing individual. It must be a 
carefully graded scientific i^ormation suited to the psycho- 
sexual development of the individual concerned. 

The basic task of psychological re-education involves a 
complete emancipation of the child from all the irrational fears 
with which he is surrounded. In this connection it must be 
recognized that if religion is to have a wholesome influence on 
the personality of the child, it must be purged of all those 
irrational threats which are likely to turn him into a coward and 
a hypocrite. It is mainly against this form of religion that 

26 
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Freud’s criticism may be interpreted as constituting a warning. 
The fundamental distinction between religion and pseudo* 
religion is one of attitude. Whereas the former consists in an 
attitude of courage, confidence and unselfish love, the latter 
involves an attitude of fear and infantile egocentricity. Nothing 
is more damaging to the sanity of the growing chM than the 
infiuence of pseudo-religion. We strongly deprecate the con- 
demnatory, negativistio attitude of the unenlightened priest 
who instead of infusing confidence and courage into the lives of 
individuals makes them the pitiable victims of abject terror 
and guilt. There is in the life-history of the child nothing so 
morbid as an exaggerated sense of guilt. This often leads to 
self-deceit and internal confiict, alien to the nature of the whole- 
some child, and forces morbid thinking and feeling which soar 
even the happiest disposition. Today mental hygiene considers 
this feeling of guilt in childhood as one of the most damaging 
happenings of early life, from which the child must be guarded 
as much as possible by those who minister to his needs. 

Another way in which psychology will be found to have 
supreme value for the task of social re-orientation is the applica- 
tion of its scientific findings in the field of vocational selection. 
We do not refer to the api)lication of vocational guidance and 
selection tests whose value is necessarily limited by their being 
largely confined to the exploration of the conscious aspects of 
one’s vocational selection. In the light of the recent findings 
of psychoanalysis, the choice of an individual’s vocation is very 
often determined by his unconscious motives. Dr. Wilhelm 
Stekel, for instance, has demonstrated how one’s vocational 
choice may be determined by any of the five main motives 
working in the unconscious depths of his mental life. These 
are: identification with the father, hostility against the father, 
desire to sublimate, erotic and criminal impulses, defence or a 
protection against unconscious tendencies, and lastly, an un- 
conscious sexual motive. These unconscious motives very 
often drive an individual to a choice of a profession in which, 
in spite of his spasmodic manifestations of enthusiasm, he often 
relapses into a sense of morbidity and inefficiency. In order 
to illustrate the various types within this classification, one 
may consider the case of the boisterous ‘rough-neck’ who may 
choose to become the manager of big electric works, a sadist 
who may choose the career of a surgeon, ‘Jack the Ripper’ 
who may develop into a gynecologist, an incendiary into a 
fireman, a foot fetishist who may choose the trade of a cobbler 
or may practice pedicure, and a man who is afraid of his 
criminal impulses may develop into a clamouring clergyman or a 
denouncing demagogue. 

‘ But why not ? ’ one may argue, ‘ Is not the individual, 
whatever his original unconscious motive, all the saner for 
having somehow transformed his dangerous impulses into a 
26 b 
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useful and socially acceptable vocation?’ Decidedly not, we 
reply, — ^at least not so long as he is unconscious of the exist- 
ence of these motives which carry on an under^ound activity 
within the subterranean depths of his personality. Not until 
he is enabled to have a psychological penetration into them 
can he be considered safe against their seductive influence. 
Like the delayed action explosives these dangerous motives 
bide their time; and may go off at any moment. Until he is 
liberated and re-oriented through psychological insight such an 
individual continues to be a social liability — a perpetual menace 
to the stability of the human race. We conclude that until 
psychoanalysis is pressed into the service of vocational guidance 
and selection, the most important aspect of this field will remain 
sadly neglected. 

We have endeavoured to demonstrate from the various 
lines of evidence set forth in this paper that mankind has reached 
a critical point in its life-history where two alternatives 
irrevocably confront it : It must either seriously set about the task 
of emotional re-education and mental re-orientation towards 
problems of human life and experience or it must face the alter- 
native of self-extermination. The second alternative is not 
the product of morbid fear. It is based on scientific evidence 
from the authentic records of the fate of certain species within 
the animal kingdom. Geological research has unfolded for us 
an amazing variety of fossils which show the ruthless extinction 
of whole species of animals who once dominated the earth but 
who in the course of evolution repeatedly failed to readjust 
themselves to the changing conditions of their environment. 
When wo contemplate the obliteration of these mighty creatures, 
we tremble with deep concern for the future of mankind. For 
until a complete re-orientation is achieved within a short space 
of time, man bids fair to extinguish himself. The choice is 
irrevocable. There are only two alternatives: It is either re- 
education of man or the catastrophy of his cataclysmic extinction. 
This presents to Psychology its present task. 
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HYDRODYNAMIC MODELS AS AN AID TO 
ENGINEERING SKILL 

Inteoduction 

There are few subjects concerning which so much con- 
fusion of thought exists as about the correct role of hydro- 
dynamic models. 

Tliere is a marked tendency for Engineers either to hold 
that models give highly reliable results, or that they are untrust- 
worthy, and must be viewed with grave suspicion. 

The main reason for this confusion is due to hydrodynamic 
models being of several markedly different types, some giving 
highly accurate results, while others produce results which 
diverge widely from what occurs in the prototype ; so that river 
conditions must first bo translated to model equivalents and 
model results translated back to river equivalents. 

The aim of this address is to clarify this question ; not by 
mere statements, but by explaining the reasons why some 
experiments are highly reliable and have become little more than 
routine practice; whUo others depend almost entirely on field 
knowledge and correct diagnosis of field conditions. 

Classification 

In a previous Paper,' models were divided into 8 types; 
but it is now proposed to simplify the question by reducing the 
classification to 4 main types : 

Type I. Geometrically similar models which give 
geometrically similar results. 

„ II. Geometrically similar models which do not 
give geometrically similar results. 


1 *Tlie use of models for elucidating fio#**" problems based on 
experience gained in carrying out mod^l experiments, at the Hydro- 
dynamic Research Station ’ by C. C. In^is, Proceedings of the National 
InetittUe oS Sciences of India, 1938. 
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Type in. Models with a mobile bed, in which ‘flow 
pattern’ is the dominant factor. 

„ IV. Vertically-exaggerated models of rivers : 

(а) rigid; 

(б) semi-rigid; 

(c) mobile. 

Type I 

The reputation achieved by model experimentation has 

Geometrically on models of Type T. 

similar In this category may be classed Rigid Models in 
models which which changes in energy relations between 
give similar velo(;ity and pressure is the chief factor, necessi- 

resu s. tating a similar Proude No. (F2/grd) in model and 

prototype. This covers experiments to determine: 

(а) coefficients of discharge, 

(б) standing wave relations, 

but fairly accurate results are also obtained as regards 

(c) lines of flow at offtakes, and 

(d) scour dow nstream of falls. 

A host of successful experiments of this type will be found 
in the Annual and other Reports of the Poona Station and other 
Stations throughout the world; the results being highly accurate 
provided the model is not too small and roughness in the model 
is correctly adjusted or divergences allowed for, 

A few examples of this type of model will be cited from 
recent annual reports : 

7(a). (i) Coefficient of discharge of Nira Left Bank Canal 
Head Regulator ^ 

In this case the inoblera w^as to increase the discharge of 
an existing regulator, consisting of 7 spans of 
T^e l! ^ hell-mouthing upstream, and 

constructing an expansion downstream, the 
coefficient in the formula Q = VA = ACJ2gh was increased 
from 0‘81 to 1*93, making it possible to increase the discharge 
with the same head 2*3 times, where 

Q = discharge in cusecs, 

V s= mean velocity, 
g = acceleration due to gravity, and 
h s=s head = difference of W.L.s upstream and down- 
stream. 


I Bombay P.W.T). Technical Paper No. 54 : ‘ Note on experiments with 
a model of the Head Sluices of the Nira Left Bank Canal. ’ 
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Figure 1 shows the original design (in full lines) and the modified 
design (in dotted lines). 

The coefficients worked out from the model agree approxi* 
mately with those obtained subsequently in the Canal. 



I (a), (ii) Determination of the variable coefficient of the 10,669 
cusecs Tando Ilastikhan Fall on the Eohri Canals Sind ^ 

These experiments with a geometrically similar model have 
shown that the coefficient decreased with increase of depth and 
discharge due to impact losses at pier noses which necessarily 
increased with depth. The discharge formula of the Tando 
Mastikhan Fall in 8ind was found to be 

e = Cl (i?-X n D) Di'S 
where K = coefficient of contraction. 

= 0-083 in Tando Mastikhan Fall. 
n = number of piers = 9 in Tando Mastikhan Fall. 

B = Waterway = 100 ft. do. 

D = Dj (Depth of water upstream over sill of flume) + 
Fu2/o0. 

(7 = a coefficient. 

The accuracy of the results obtained in the model has been 
borne out by observations in the Canal. 


' Annual Report of the Central Irrigation and Hydrodynamic 
Research Station, 1939-40. 
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I{b). Standing wave rektms of the Tando MaMildum FaU 
in Sind i 

The standing wave relations in the Canal agree almost 
exactly with the model results. 

1(c). Design for entrance to right pocket from new approach channel 
at Sukkur^ 

Figure 2 shows plan of the Indus above the Sukkur Barrage 
with the new approach channel, designed to control the quantity 
of silt entering the Bight Bank Canals. 


F/G. 2. 

PLAN SHOWING DESIGN OF NEW APPROACH CHANNEL . 

along RIGHT BANK, TO EXCLUDE SILT FROM 
RIGHT BANK CANALS AT SUKKUR. C SHOWN DOTTEp) 
scale. 2 INCHES = ! MILE. 



canals 


The Bight Bank Canals, in particular the North-Western 
Canal, draw excessive bed silt. As a result of model experiments 

^ Bombay P.W.D. Technical Paper No. 44: ‘Dissipation of energy 
below falls.’ 

(NoTK.—Instnictions for design in Tech, Paper 44 superseded by 
those given in the Irrigation Research Division, Poona, Annu^ 
Report for 1934-35.) 

* Annual Report of C.I. and H.R. Station, 1937-38 (pp, 26 and 27); 
1938-39 (pp. 4 to 10) ; and 1939-40. 
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carried out ] 1 years ago ^ it was predicted that a silt bank would 
form along the right bank, and that the light bank canals would 
then silt. In the floods of 1936, the River carried an excep- 
tionally heavy charge of bed silt, and the predicted sand bank 
formed along the right bank and heavy silting occurred in the 
North-West and Rice Canals. Various alternative methods of 
reducing the quantity of silt entering these canals were tested 
and the optimum design found was that of a curved approach 
channel 6,000 ft. long — shown in figure 2. This investigation 
presented many difficulties. Six different models with various 
scale ratios were used to determine the effect of different fac tors. 
To determine the best design of offtake from the Approach 
Channel to the pocket supplying water to the Right Bank Canals, 
a geometrically-similar, part-width, model was used and later 
the same model was used with increased depth to give a vertical 
exaggeration of 2 in the model as against a vertical exaggeration 
of 7 in the river model. This model showed that the width of 
entry could be made 35% less than shown by the river model 
with V.E. = 7. 


l{d). Scour helow flumed falls ^ 

Reasons for scour below falls : 

(1) Excess energy gives rise to eddies and surging flow. 

(2) Instability of flow, due to expansion, causes ‘heaving’. 

(3) Too sharp divergences cause jetting, which sets up rotary 
flow and eddies. 

(i) The cheapest and best way to destroy excess energy 

in a glacis fall is to construct a baffle at such a level 
and height, and in such a position, as to destroy a 
maximum of energy. 

(ii) A deflector at the end of a pavement redistributes 

velocities and prevents scour downstream by 
causing a roller with a horizontal axis to form. 

(iii) Permissible divergence decreases slightly with increase 

of discharge. 

(iv) Diverging vanes in continuation of piers fan out flow 

successfully if correctly designed. 

The Tando Mastikhan Fall was constructed with side 
expansion too sharp, viz. 1 in 6 against 1 in 10 required. Vanes 
to fan out the flow were therefore added. The fall, with these., 
modifications, is operating very efficiently and bears out all 
the conclusions drawn from the model. Subsequent experiments 
have shown that a high fluming ratio necessitates longer 


^ Bombay P.W.D. Technical Paper Nos. 45, 46 and 62. 

2 Bombay P.W.D. Technical Paper No. 44, and also Annual Report 
of the Central Irrigation and H.R. Station for 1939-40. 
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expansions to obtain suitable downstream conditions, and that 
falls should be designed to work satisfactorily even though 26% 
retrogression occurs; because some designs fail under such 
conditions. 

A border-line case between Classes I and II is a siphon 
spillway. It comes under Class I for fully primed coefficients; 
but gives different results for priming depths.^ 


Type II 


Under Type II may be cited some recent experiments 
carried out at Poona: — 


Geometrically 
similar 
models which 
do not give 
similar 
results. 


(i) Coefficients of High-coefficient Weirs.2 

(ii) Slab movement in submersible bridges.^ 

(i) In the case of High-coefficient Weirs, in 
which the curvature of the profile of the Weir 
is sharper than the path which filaments of water 
would follow if discharging freely into air, the coefficient of 
discharge in the formula g = c where q = discharge per 
foot run and D =s upstream depth over weir, increases both with 
depth of water over the weir and scale. The former is due to the 
fact that as Q increases, the natural path of flow under aerated 
conditions diverges more and more from the curvature of the 
weir and hence, so long as the water adheres to the weir profile, 
a reduction of pressure occurs ; and as 


jyjw -f- F2/2g + ^ = constant 

for a filament (Bernoulli’s theorem) the velocity is correspondingly 
increased and also the discharge. 

An increase in scale also causes an increase in scalar 
discharge; because whereas pressure is constant when the water 
discharges freely into air, the reduction of pressure increases 
with scale, and hence the velocity and Q also increase. 

It was not possible to estimate the discharge in the proto- 
type, theoretically, and so a series of models of different scales 
were constructed and results extrapolated to give conditions in 
the prototype as regards pressure and discharge.^ 

Figure 3 shows the coefficients obtained in models with 
scales: 1/4, 1/4-6, 1/6 and 1/7-5 of the prototype. From this 
it will be seen that tne larger the scale, the higher the coefficient. 


1 Annual Report of the Central Irrigation and Hydrodynamic 
Research Station for 1930*40. 

2 Annual Report of the Central Irrigation and Hydrodynamic 
Kesemrch Station for 1937-:iS, pp. 39 to 44 and 1939-40. 

3 Annual Report of the Central Irrigation and Hydrodynamic 
Research Station for 1938-39, pp. 31 to 37 ; and Annual Report, 1939-40. 

^ Amiual Report of the Central Irrigation and Hydrodynamic 
Research Station for 1937-38, pp. 39 to 44 and 1939-40. 
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When these (joefficients were extrapolated, the conclusion 
arrived at was that the coefiBcient in the prototype with D = 
3-36 and q = 30*3 cuseos would be 4-93 compared with 4-76, 
4*7, 4*63 and 4*53 in the various scale models. 
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In this partioular case, as a result of constructing a new 200 
cusec channel, we arc now in a better position to check up the 
accuracy of the conclusions hitherto arrived at by extrapolation 
from small models to full scale ; but even this has presented diffi- 
culties ; because whereas the weir at Bhandardara is 650 ft. long, 
it is only 4 ft. in the model; so that the effect of the side 
boundaries, which is negligible in the prototype, is considerable 
in the full scale model ; so has to be allowed for. 

The method adopted after small scale trials was to draw the 
flow into the 4 ft. channel containing the model, through a 
bell-mouth fix)m a wider channel. This had the effect of regula- 
rizing velocities across the 4 ft. channel. 

It was necessary, however, to place the model sufficiently 
far downstream of the bell-mouth for the flow approaching the 
weir to be sensibly parallel. As a result of this, slight boundary 
layer effect was present. A further difficulty arose at the 
weir itself due to retardation of the high velocity flow at the 
sides. The effect of this was partially corrected by providing 
a very small degree of expansion in the side- walls, but the effect 
on the pressures remained, causing slight inward flow at the 
crest, relieving the negative pressures and so reducing the dis- 
charge coefficient. This inward flow can bo clearly seen in 
Photo No. 2266 (preceding the Address) in which threads, fixed 
on the weir, show distorted lines of flow. 

Figu re 4 s hows the coefficients of discharge in the formula 
F =s O'y/ 2g D plotted against depths D in the full scale model. 

It wiU be noticed that the coefficient instead of rising to a 
clear-cut maximum as in figure 3, rises on a curve, and before 
reaching its natural maximum, falls to meet the rapidly falling 
line at 0 5= 4*70. Dotted linos show the rising and falling 
curves extrapolated. These meet at C = 4-9 with D = 3*36 ft., 
as compared with 4*93 extrapolated from small scale models 
(vide figure 3) ; but whereas by that method the maximum value 
of C rose to 6*03 with D = 4*10, this has not been attained in 
the part-width, full-scale, model, due to side effect. 


(ii) Slab movement in eubmersible bridges i 

In this series of experiments, though impact effects were 
accurately reproduced, yet slabs of specific gravity equal to 
that in the prototype did not move in the model, though this 
had happened in rivers in the Central Provinces. Indeed the 
model slabs did not move in a 1/12 model with F = 2*6 ft./sec, 
(equivalent to 8*6 ft./sec. in the river) even though the weight 
of the slab was reduced from 46 lbs. to 31 lbs., corresx)onding 


1 Annual Report of the Central Irrigation and Hydrodynamic 
Hesearoh Station for 1938-39, pp. 31 to 35. 
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weights in water being 27 lbs. and 12 lbs. respectively ; so that 
the relative weight in water was only 44% of the equivalent 
weight in the prototype. 



This investigation showed that the washing away of 
unanohored bridge slabs was due to vibrations set up by rapid 
changes of pressure induced as a result of the high Reynold’s 
No. in the river; and it was shown that the larger the model the 
higher the specific gravity of the slab which was just washed 
away with the same relative discharge. 
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The model showed that movement was so gradual as to be 
scarcely visible except over appreciable periods of time, and 
was probably discontinuous; but eventually the slab moved 
downstream on its pier supports until about half the slab over* 
hung, when it tipp^ up and was carried downstream. In this 
case, extrapolation could not be resorted to in order to determine 
the weight of prototype slab which would just not move ; because 
the scatter in different observations in the model was of the 
same order of magnitude as the effect to be determined. This 
did not matter from the practical standpoint; because the 
Station was asked how to stop this occurring and the obvious 
solution was to anchor the slabs or provide stops to prevent the 
slabs moving downstream on their pier supports. i 

Type III 

A good example of a model with a mobile bed in which 
‘flow pattern* is the dominant factor is the 
conditions of flow which exist round a bridge 
pier constructed in erodible sand.^ 

It is shown in the 1938-39 Beport that scour 
at pier noses is due to the oncoming water, 
which is deflected by the pier, diving downwards 
towards the upstream toe of the pier before sweeping outwards 
on either side of the pier — see photo 1410 at the beginning of 
this Address. This action is due to the ‘flow pattern’ and is 
scarcely at all affected by the upstream bed level, which, in turn, 
is determined by the sand of the river bed; so that, whereas the 
depth of actual bed upstream of the pier is oc the depth 
of scour at the toe of the pier = 1*76^/^ 

where g = maximum discharge per ft. width, 
dg 5=5 scour depth at nose of piers, 
b 5=5 width of pier, and 

gc = discharge per ft. width some distance upstream of 
pier. 

The latest experiments show, however, that when a pier is 
protected by stone, the depth upstream has an effect on the 
discharge v^hich causes failure, the stone failing with a smaller 
discharge when the bed level is higher — ^i.e. when the bed material 
is coarse. 

Although scour at a pier, and to a lesser extent at spurs, 
can be estimated roughly from formulae and applied to specific 
oases of rivers, yet complications arise in river models which 
are naturally vertically exaggerated. This will be dealt with 
later, as it falls under both Types III and IV. 

1 Annual Report of the Central Irrigation and Hydrodynamic 
Research Station for 1938*39, pp. 31 to 35 and 1939*40. 

2 Ibid., pp. 39-41 and 1939*40. 
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Type IV 

Vertically -exaggerated models of rivers : 

(a) Rigid, 

(b) semi-rigid, 

(c) mobile channels. 

IV (a). Rigid verticaUy-exaggerated models 

In such cases, the usual practice is to fix a suitable vertical* 
exaggeration, estimate the mean roughness required, and then 
verify slopes for known dischai^es. If the slope is in error, the 
roughness is alteied until it becomes satisfactory. This is a 
slow process; because changes made in one part of the model 
aJBFeot other parts. Then again, though the model may give 
satisfactory results with one discharge, it may give unsatisfactory 
results with a larger or smaller discharge; and a uniform 
roughening will not give correct results. A large amount of 
data and much patient ‘trial and error * work is therefore necessary 
which, experience in America shows, may have to be spread 
over a period as long as two years. After such verification, it is 
assumed that correct levels will be obtained for conditions 
outside the verified range — as for instance in a flood of greater 
magnitude than previously observed or when different slopes 
and local intensities of flow occur, due to peak floods in tributary 
streams reaching the main stream at different times from those 
of previous recorded floods. Such models can imdoubtedly 
give most valuable information as regards flood levels, lines of 
flow, and points where violent action will occur under such 
conditions; but the model, being rigid, cannot give direct 
information about scour, which must be infened by the experi- 
mentei , nor will the flow for such conditions be correct ; because 
in nature, heavy scour would cause marked changes in conditions. 

Rigid models have been used to a large extent at the U.S. 
Waterways Experiment Station at Vicksburg in connection with 
tidal model studies. In many of these, coal dust and other 
still lighter materials have been injected to indicate the movement 
of sediment and the amount of sediment likely to deposit in 
various positions, marked out on the bed of the model by white- 
bordered squares, has been measured by sucking the deposited 
material thiough a vacuum cleaner type of machine, the material 
then being separated by a machine resembling a cream separatcr. 
The difficulties to be overcome in such models are very great, 
and the data required for successful verification enormous, it 
being considered desirable to have detailed data for a period of 
6 years. 

A rigid model of a 20 mile length of the Hooghly above 
Calcutta has been constructed at Poona to deteimine lines of 
flow and points where bed action is severe under various 
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conditions of river and tidal flow. It is the intention to use this 
information subsequently, in semi-rigid or mobile part-models, 
to investigate the specific bank-scour problem, using much 
larger discharges. 

JF(6). Semi-rigid 

In semi-rigid models the sides, and in some cases large 
parts of the b^, are held. This, by making it practicable to 
enforce a vertical exaggeration in excess of what is natural, 
makes it possible, while retaining the same Froude Number as 
in the prototype, to increase the slope, and hence the silt charge. 

This makes it possible to reproduce similarity much more 
accurately than is possible in a fully-mobile model and so 
simplifies interpretation. On the other hand, it imposes 
conditions throughout the length of the model, and the model 
cannot scour its banks, which are rigid, nor change its course; 
and if, as is generally the case in India, the question we desire 
to investigate is ‘future changes of river course and the secondary 
effects of such changes’, we must, when using models in which 
the sides are held, predict the changes and the rate of those 
changes, to enable us to determine the secondary effects which 
will result from these changes. 

An excellent example of a case in which this was done is 
the Rangoon model. ^ 

In that case the model was bounded by a curved wall 
dividing the assumed tidal flow affecting the model problem, 
from the tidal flow to the East ; and the right bank of the River 
was cut away from time to time at a rate assumed by the experi- 
menter, based on judgment. Working on these two assumptions, 
it was found that while the Port was not threatened by eventual 
extinction, it was evident that some limitation on the draught 
of vessels using the Port would be inevitable unless rectification 
of the approaches was carried out by artificial means — a pre- 
diction which, it is understood, has been fulfiUed. The point 
I wish to emphasize here is that the correct result obtained in 
this model w^as due to the skill of the experimenter in making 
correct assumptions, and had he made incorrect assumptions 
he would have got wrong results. 


/F(c). Mobile channels 

In this section it is intended to work up from the simple 
to the complex. The simplest case of a mobile channel is one 
in which the discharge and silt charge are constant. 


1 Institute of Civil Engineers, Paper No. 5100: * Investigation of outer 
approach channels to the Port of Eeuigoon by means of a tidal moder 
by Oscar Elsdon. 



(13) Section XIV ^ Engiryeering. 417 

Lindley in 1919 put forward the original theory that ‘the 
dimensions, width, depth and gradient of a channel to carry a 
given supply, loaded with a given silt charge were all fixed by 
nature 

Nine years later, Gerald Lacey produced a series of formulae 
which fixed gradient and dimensions of channels.^ 

Recently, Lacey has set forth his theory as developed up to 
July 1939.8 

His formulae, re-stated in terms of the two independent 
variables Q and /—discharge and silt factor — are as below : 

P = 2-667 

R = 0-472 (Q/^i/8 

V * M647Vy« = 0-7937 

8 = 0-000542/8/8/01/6 

where P = wetted perimeter; B = hydraulic mean depth; V == 
velocity and 8 == slope. 

These may be compared with the corresponding formulae 
subsequently worked out by Dr. Bose of the Punjab Irrigation 
Research Institute in 1937, which were evolved by statistical 
methods from a mass of regime channel data collected over a 
period of 5 years in the Punjab 

P = 2-8 01/2 
R = 0-47 0^'® 

V = M2 Pi/2 = -767 
8 = 0-00209 m'Se/O- 21 
where m = Mean diameter of silt. 

Accepting the Lacey and Bose formulae as being very 
approximately correct for regime conditions, we find that whereas 
P, the wetted perimeter, varies as R, the hydraulic mean 
depth, varies as and hence P/P, the shape, varies as 1 /O’/®; 
which means, in model terminology, that vertical exaggeration 
(= hydraulic depth -r hydraulic width) varies inversely as the 
i/6th power of the discharge, the channel shape being relatively 
deeper in small than large channels. It will be noted that in 
the Lacey slope formulae, the slope for the same silt factor also 
varies inversely as and hence, according to the Lacey 

formulae, slope exaggeration is equal to verti(;al exaggeration 
for the same silt in model and prototype; but, whereas the silt 


1 ‘Regime Chamiela’ published in jProc. Punjab Engineering Congress^ 
Vol. VII, 1919. 

* ‘Stable channels in alluvium’ by Gerald Lacey, Proc, Inst, C.E., 
Vol. 229, 1929-80. 

* ‘Regime channels in incoherent adluvium, * Central Board of Irriga- 
tion, Publication No, 20 of 1940. 

* Punjab Irrigation Research Institute Reports for the year ending 
April 1937 and April 1938. 

*7 
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factor '/* enters ‘vOTtioal exaggeration’ (which refers essentially 
to the cioss-section of a stream) in the form 

V.E. « RIP oc (e//)i/8 -4- or 

slope exaggeration enters in the form 8.E, « that is to 

say, whereas a coarser silt increases the it decreases 

the V.E, and the ratio S.E./V.E, varies as oc p. From 

the sensitiveness of this relation it will be clear how important it 
is to choose correct silt conditions in a model. 

For these and other reasons, channels can be designed much 
more accurately by the use of formulae than by model studies, 
and hence models are not required, nor would they be useful for 
designing ordinary channels, though they are very useful when 
the problem is to ascertain why unnatural conditions arise in 
the vicinity of masonry works, bends, or changes of material 
of sides or bed. 


Laoey Limiting Velocity 

Inherent in the Laoey formulae there is a limiting velocity. 
Lacey has assumed that the natural shape of a sUt -bearing 
channel in incoherent alluvium is an ellipse, and hence the 
limiting section is a semi-circle, so 

P/B « 2ir « 6-283 

and as 

P2 « (2-67)2(2 = 7-12 PBV 

P/B = 7-12 V « 6-283 

or Fiim « 0*882 ft. per second. 

If, however, P = 2 -8^/(2 (Dr. Bose’s formulae, derived from 
Punja^data) then P/R = 7-84 F or Fum = 0*8; and if P = 
3*2 \/ Qj our Station formula for a certain range of discharge and 
types of silt, Fh^ = 0-62. While it must be admitted that 
the assumption tW a semi-circle is the limiting shape of a 
channel is, at best, only an approximation; yet, if even approxi- 
mately correct, it leads to the conclusion that in natural 
silt-bearing channels carrying small discharges, a change of law 
must occur when the discharge reaches a certain low discharge. 
This change of law would be sudden according to the Lacey 
formulae, but is more likely to be a gradual transition in practice, 
taking into consideration the known gradual decrease of silt 
movement with reduction of discharge. Eventually silt move- 
ment must cease and the law must then be different. It was 
found at Poona in 1937, on plotting available data, that silt 
charge varied approximately as (F— Frt), where F is the actual 
velocity and Frt is what we have called the ‘regime threshold 
velocity*, which, for practical purposes, is the same as 

27B 
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‘competent velocity*, a term used in America for the velocity at 
which silt movement just commences.^ 

It has been found that the velocity at which silt movement 
ceases in shallow channels is little affected by depth; but, unlike 
in the Lacey theory, it depends on grain size, varying approxi- 
mately as Frt oc 

With the sands normally used at the Poona Station, V^i 
varies between 0*7 to 1*0 ft./®€>c. 

From this, it follows that silt movement, always relatively 
much loss in a natural mobile model than in its prototype, will 
start in a river with a relatively low discharge and will continue 
until the discharge again finally falls to this same low value; 
whereas in a model, with a flood velocity of say 1*25 ft. /see., 
silt movement will not begin until the discharge is equivalent 
to about half the flood discharge : 

As long ago as 1929, A. H. Gibson in his Report on the 
Severn, 2 concluded that the best results were obtained with a 
silt which was 20% finer than in the prototype and the use of a 
somewhat finer silt in models is almost certainly desirable. 

That this is likely to be so, follows from Lacey’s latest 
theory®: that for a given degree of agitation the silt charge 
varies inversely as <he terminal velocity of silt falling through 
water (F*), which in turn varies approximately as m (where m, 
the mean diameter of bed silt particles, is of the order 0*2 to 
0*5 mm.), the relation being m = 0 0645 F« + 0*042. 

This theory was based on an analysis of a paper by Dr. C. M. 
White entitled ‘The influence of transported solids upon 
Rivers*.^ 

The correctness of the theory has already been shown by 
the Poona Station both for very heavy silt charges ® and normal 
silt charges.® Though this relation enablc'S us to increase the 
silt chai’ge by reducing the grade, it has little effect on the 
velocity at which silt movement begins and ends; so does not 
eliminate our main difficulty. 


1 Studies in Ensrineering, University of Iowa, Bulletin 5 : ‘The trans- 
portation of detritus by flowing water — By F. Theodore Mavis Chitty 
Ho and Yun-Cheng Tu. 

‘Construction and Operation of Severn Tidal Model’ by Prof. 
A. H. Qibson — Paper written for Economic Advisory Council, Severn 
Barrage Committee. 

® Note on Dr. White’s theory of ‘Silt Transport’ by G. Lacey, dated 
13th December 1939. 

* Read by Dr. White (City and Guilds, London) to the Potomological 
Section of the International Union of Geodesy £uid Geophysics at 
Washington, D.O., U.S.A., in September 1939* 

^ C.I. and H.R. Station Interim Basic Note No. 50, dated July 
1940: ‘Rate of deposition of silt as governed by silt charge ^d terminal 
velocity. * 

• C.I. and H.R. Station, Supplementary Basic Note No. 50, on the 
some subject — ^with natural silt charge. 
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Effect of a LramNO Velocity 

The eflfeot of this limitation is not important in those relations 
in which action takes place at maximum discharge, so does 
not appreciably vitiate results as regards limits of embayment, 
as shown in the Hardingo Bridge experiments.^ In this, it was 
shown that haci free emba 3 Tnent been allowed to occur upstream 
of the Right Guide Bank of the Hardinge Bridge no damage 
would have resulted; whereas by constructing the Damukdia 
Guide Bank across the natural line of flow, natural embayment 
had been prevented, which had led to an increase of action at 
the Bight Guide Bank, and consequently had been an important 
factor contributing to its failure. 

In a large proportion of river problems, however, the scour 
which ocodrs during falling floods is a very important factor in 
determining flow conditions the following year, and this is not 
reproduced correctly in natural models. 

The alternatives to meet this situation are to depend 
mainly on experiencje and judgment or else to distort the model 
scales to increase silt movement with low discharges. 

Methods to reduce effect of Limitation of 
Silt Movement 

Two methods have been followed at Poona to increase silt 
movement in the model for conditions corresponding with low 
river discharges : 

(а) low discharges have been scaled up, and 

(б) slope has been exaggerated. 

To deal with this question adequately would require a 
separate paper. Suflioe it to say here, that in general, the first 
method gives valuable infoimation over part of the model but 
does not give correct results over the whole of the model. An 
example of this is the 1/300 scale model of the Sukkur Barrage 
from which we have obtained similarity of bed contours and 
flow along the right bank, which was the problem we were 
investigating ; but conditions on the left bank were not correctly 
reproduced w'hich, in this particular experiment, did not matter. 

Reduced Silt Movement in Models 

Although it is a digression, it seems advisable, at this point, 
to touch on the question of ‘silt deposition’. 

In a river, by far the greater part, of the silt in motion is 
normally in suspension, whereas in models the proportion of 

1 BcmHay P.W.D, Technical Paper No. 56 entitled ‘Report on 
experiments with models in connection with the protection of the Hardinge 
Bridge on the Eastern Bengal Railway*. 
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silt in suspension is relatively small. For this reason, not merely 
is the silt movement much less in the model; but the silt which 
deposits in the river — ^namely fine suspended silt — forms a 
relatively small part of the model silt charge. The reproduc- 
tion of full natural silting in the model is therefore well-nigh 
impossible even if the time scale be based on silt charge — ^i.e. 
on (F— Frt) — which would lead to the time scale being greatly 
increased as the silt charge decreased with smaller discharges. 

This is not quite so bad as it sounds; because scour starts 
later in the model and is relatively less than in the river; in 
other words, just as silt movement in the model is relatively 
much less, so also is the amount of annual scouring and silting. 
Should this fact be overlooked and the model bed be laid 
according to cold weather conditions in the river, scour pits at 
the noses of groynes or obstructions would contain more silt 
than would be natural in the model; and this excess, when 
scoured, would produce unnatural sand banks in the model. 

An extreme example of reduced silt movement in a model 
is afibrded by the 1 /300 Sukkur Barrage model in which, if the 
model is regulated as at the Barrage, silt movement does not 
begin till the discharge exceeds half the normal maximum flood 
discharge. 


Slope Exagoebation 

Coming now to the second method of inducing early soour» 
i.e. slope exaggeration: This necessitates a smaller vertical 
exaggeration and hence, in effect, distorts the model. This 
method may be very useful in a short model provided entiy 
conditions are correctly imposed, but is not suitable for long 
models. Before dealing with the relative merits of long and 
short models the question of distortion requires further con- 
sideration. 

Effect of Exaggbbatioe of Banes and Rigid 
Structures 

In most Stations it is the practice to exaggerate bank slopes 
and rigid structure according to the depth exaggeration scale; 
because otherwise they would occupy a disproportionate width 
of the model, and the deeper the scour, the greater would be 
the projection of the toe of a groyne or other rigid structure. 
This does not, however, produce correct results in the model; 
because owing to the ‘flow pattern’ being approximately similar 
in the model and prototype, while the depth is relatively much 
greater in the model, the width of bed action is relatively much 
greater in the model — as already explained in para 10 — ; 
and where, as in the case of scour at the nose of the new approach 
channel at Sukkur, the scour pit is very deep relative to the 
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width of the channel, the width of the scour pit in the model, 
the slopes of which are determined, as in the river, by the angle 
of repose of the material, extends ri^t across the approach 
channel. 

In addition to this, (but in this case reducing the error) the 
depth scale of the scour pit is different from the scale of the 
river part of the model, depending — as explained in para 10 — 
on a different law, and as steep banks exceed the angle of 
repose of all except rigid materials, natural bank scour is 
precluded. In practice, therefore, the choice lies between rigid, 
steep, sides, and mobile, and hence relatively flat, slopes which 
take up much too great a width of the model. 

In some models, and in some parts of most models, bank 
action is comparatively unimportant; but in many oases this 
is a very important factor and the limitations can only be i>artly 
overcome by the use of large-scale part-models. 


Thbow-off 

*Throw-off,’ by which is meant the angle of deflection of 
the filaments, is also distorteni in vertically -exaggerated models, 
and to get approximate similarity of Hhrow-off*, the slope of 
the rigid structure has to be considerably less vertical at its upper 
end than according to that due to the vertical scale-exaggeration 
of the model. 


LoNGrriTDiNAL. Distobtion 

Finally, we come to longitudinal distortion: Vertical 
exaggeration is essentially a latitudinal exaggeration, just as 
slope exaggeration is essentially a longitudinal exaggeration; 
but in model studies, even when the slope exaggeration is 
increased by tilting the model, to increase slope and velocity, 
the longitudinal scale is almost universally m^e the same as 
the latitudinal scale. This is done in order to prevent distortion 
in plan. This means that both rigid and non-rigid parts of all 
vertically-exaggerated models are distortcxi: That is to say, 
they are foreshortened longitudinally in the ratio of the vertical 
exaggeration. 

In extreme cases this would lead to sub-critical conditions 
in the river being converted into hyper-critical velocities in the 
model; but more generally it leads to distortion due to the 
length in which changes have to take place being foreshortened. 
Thus the length in which new linos of flow or eddy-patterns have 
to become established in the model as a result of changes of 
section or roughness is inadequate in the model to establish the 
change before a further alteration in the angje of flow or roughness 
occurs. 
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Two good examples of this are flow from the twin gorges 
at Sukkur ^ and the groynes in the Jumna at Delhi.^ In the 
former, the gorge is foreshortened 7 J times, affecting both lines 
of flow and eddy pattern of the water leaving the gorge, while 
in the latter case the groynes were seven times closer together 
relative to depth than in the river. 


Long and Short Mobile Models 

The advantage of a long model is that curvature of flow 
and silt distribution are more natural, and so the river is more 
free to swing or change its course. Meander condition, ^ on 
which the solution of a large proportion of river problems ulti- 
mately depends, are also more accurately reproduced. On the 
other hand, less distortion of slope and ^scharge is i)ermisRible 
to obtain increased silt movement; and cost of collecting data, 
verification, and carrying out experiments is very much greater. 
In addition, the likelihood of omitting some important sub- 
stratum — such as layers of clay, kankar, etc. — is proportionately 
increased; and finally, no matter how long the model may be, 
entry conditions, on which changes in a meandering river largely 
depend, and to a smaller extent, exit conditions, must be correctly 
imposed. 

In a relatively short river model, much greater control 
is possible and much more silt can be kept in motion than in a 
longer model; but the results also depend to a much greater 
extent on the accuracy of the conditions imposed at entry — ^i.e, 
the distribution of sflt and curvature of fiow of the water. 
To impose those correctly is always difficult, necessitating a 
deep understanding of field conditions, which must be accurately 
diagnosed and completely visualized before their effects can be 
correctly imposed. Obviously those who can diagnose upstream 
conditions can also foresee, with equal accuracy, what the 
model portion of the river 'will do ; hence the skilled experimenter 
knows very approximately what result the model should give 
when he is designing it and b(.fore he carries out experiments. 
The main function of river models, therefoie, is to check up 
results with the experimenter’s ideas, improve on them, and 
then fill in details. It is only in the simplest cases, which 
scarcely require model verification, that a single model will 
suffice. In most cases, as for instance, experiments in connection 
with controlling silt entry into the Right Bank Canals above the 


1 Annual Report of O.I. and H.R, Station, 1939-40. 

2 Ibid. 

* Programme of Proceedings, 11th Annual Report of the Central 
Board of Irrigation, India, 1940, ‘Factors controlling meandering* by 
C. C. Inglis, pp. 94-109. 
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Snkknr Barrage,^ we have had to nae several differmt models — 6 
in that case — varying &om geometrical similarity’ to vertical 
exaggeration of 7^. 


€k>NOLTTSION8 BBOABDmO SOOPB iUTD LiBUTATIOHS 07 

MoBHiB Modixs ' 

The impression I may have created is that river Itnodels 
cannot be expected to give useful information. That, empha* 
tically , is not my view ; but any idea that all you have to do is to 
construct a vertically-exaggerated scale-model of a river and 
that it will give the correct answer is nonsense. 

I will quote a few cases which will clarify this point: 

(1) ‘We were asked to advise on how to control the main ohanne 
along the left bank of the Sarda River above Banbassa Weir. In the 
course of the early experiments, though the model did not indicaite it, 
the conviction grew that the river would swing and burst through the 
central island. Subsequently, a very close inspection of the river confirmed 
this belief, which was not shared by the local officers. This was of 
importance; because, in the event of this happening, the work required 
would then be modified. In spite of a stone bonk being built to prevent 
such a spill channel forming and to direct flow into a central, existi^, 
channel, the stone was swept aside and a spill chamiel formed which carried 
30% of the river discharge in the first year,* 

(2) ‘We were ehsked to design a fall required to check very severe 
scour which had been occurring in a nala. 

The data supplied, and design proposed, showed a steep gradient 
and hypercritical velocities. Previous experiments carried out at another 
Station, with a lined, geometrically-similar model, had given similar 
flow conditions to those shown in the designs. 

Before experiments were started at Poona, it was concluded that such 
conditions could not persist and tliat either the banks would scour, causing 
intermittent shooting flow and standing waves, or else the bed would 
scour, flattening the slope until subcritical velocities resulted. The 
practical effect of this was that a depth of 14 ft. of water was to be 
expected above the proposed fall, against 6 ft. assumed in the design and, 
by modifying the design it was shown to be possible to reduce velocities 
downstream to sub-critical, eliminating the necessity for lining the down- 
stream obannel. 

Although subsequent model experiments with an unlined channel 
confirmed these predictions, it was impossible to reproduce similarity of 
silt conditions or scour of banks; so the results depended largely on the 
conditions imposed, i.e. on the judgment of the experimenter.’ 

(3) ‘We were asked to make proposals to protect a Railway Bridge, 
the left abutment of which was being heavily attacked. 

The plan did not seem to indicate any cause for such scour, so enquiries 
were made as to whether any cut-off had occurred in the river. This 
proved to be the case. 

It appears that this cut-off can be closed, an alternative solution 
which will be much cheaper and more satisfactory than fighting condi- 
tions resulting from the river having shortened its course by one mile.* 

(4) ‘Up to 1923, the Jumna River wm flowing along the right bank 
past the Pumping Station. Subsequently, the river began to move across 
to the left bank opposite the Pumping Station, necessitating the excavation 


1 Annual Report of O.I. and H.B. Station, 1939-40. 
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and continuous dredgini; of a channel from the left bank to the Pumping 
Station. 

The original remedy wo proposed^ was to remove the upper and 
lower of the .1 spurs built on the left bank and to build a short spur just 
below the Pumping Station on the right bank, to draw the river across 
to that bank. 

The efficacy of the design was shown in our model with the equivalent 
of 100,000 cusecs flowing in the river, which brought the river across in 
one fl(' d season; but the resulting channel was relatively considerably 
wider laan the Jumna cold weather channel. On subsequent inspection 
it was considered that as a result of stone crate pitching done along the 
river face opposite, and downstream of, the Pumping Station, combined 
with dredging, the river was likely to change across without removing the 
upper of the three groynes ; so d<»velopments were awaited. The following 
year the river moved across to the Pumping Station, as predicted, though 
the flood discharge was only 31,000 cusecs, or less than l/3rd that with 
which the change occurred in the model — i.c. with a discharge which was 
so low that very little scour could occur with the equivalent discharge in 
the model.’ 

{fl) *4t has been found impossible to reproduce the changes which 
occur from year to year in our Ganges model, despite it being a very 
largo model over 500 ft. long. In general, scour has occurred too quickly 
and silting much too slowly; and consequently the Damukdia channel 
has reopened too quickly. 

If the period of the experiments were reduced it would give the rate 
of scour of Damukdia channel more correctly but would make other 
parts of the model still more wrong. Certain it is that the rate of opening 
of the Damukdia channel was predicted more accurately from experience 
and judgment than can be indicated by a model.’ 

At Poona, we have been doing various scale experiments, 
for several years, with mobile models — ^to evaluate divergences 
ri^sulting from various disturbing factors — in order to see how 
these efects can best be minimized by modifying slope scales, 
discharge scal(\s, silt charge, and verticral exaggeration away 
from natural conditions. 

These inv(\stigation8 have given us a clear understanding 
of why certain mod ifi (nations which we have been carrying out 
have been successful; but they have not, and cannot, entirely 
eliminate the inherent divergences nor resolve the numerous 
complex factors. Natural mobile models do not, in fact, give 
similarity; but only results w^hich are capable of being translated 
approximately from river to model and back to terms of river 
conditions : and results necessarily diverge more and more as 
the period of the experiment increases. 

Frequently it is stated that river results have been verified 
in a model and have been found to be closely correct. We all, 
however, seem to relay the model every year according to the 
latest survey instead of carrying on year after year ! The reason 
given for this is that the flood dift’ered from what was assumed ; 
but the real reason is that only qualitative similarity has been 
achieved. 


^ C.I. and H.B. Station Annual Reports for 1937-38, pp. 65 to 
1938-39, pp. 14 to 16; 1939-40. 
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Also, as our object is to predict what will ha^i^n hereafter — 
not as a rule for a year or two, but for several years ahead — 
the divergences in a single year render it advisable to relay ; this, 
in its('lf, is an admission of the limitation. 

Our experience of verification is that there is rarely enoxigh 
river data available to make verification satisfactory, except as 
a rough qualitative check, and even if there were, it would, at 
best, be a very slow and tedious process ; because every appreciable 
change in one factor affects all the others. 

Conclusion 

I cannot do better than repeat what I wrote in my 
Symposium Paper of 1938 for the National Institute of Sciences 
of India, on ‘The use of models for elucidating flow problems ’ : 

‘The general conclusion is that in competent hands^ a very wide 
range of experiments with large models gives results of high qualitative 
aooiircusy and may also give quantitative accuracy; but, in the case of 
river models, the data available is generally meagre, and though the gaps 
in data can be filled to a large extent by an officer with wide field experience, 
so that a model can bo made to reproduce what has provioa«<ly occurred 
in the prototype under known conditions of discharge and silt charge, 
the problems which generaUy have to be tackled are of immediate 
urgency, the discharge data being inadequate and the silt charge data nil, 
and wo are asked “what will happen if nothing is done?” or “what 
should be done to prevent further damage ? 

‘Satisfactory answers depend to a marked extent on an intimate 
knowledge of the engineering side of the problems under consideration 
combined with a flair for diagnosis.* 

Mobile river models are in fact a valuable aid to engineer- 
ing skill, which, however, they can never replace. 

Although this Address expresses my own viewpoint, yet 
much of it is based on work done by the Station staff at Poona 
and I am especially indebted in this respect to Mr. A. R. Thomas, 
Deputy Director, and Rao Sahib D. V. Joglekar. 
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